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PREFACE 


This  is  the  second  of  two  related  reports  based  on  re- 
search to  improve  layouts  and  designs  for  cotton  ware- 
houses and  compresses.  The  first  was  Marketing  Research 
Report  No.  355  (October  1959),  "Designing  a  Public 
Warehouse  for  Storing  Flat  Bales  of  Cotton." 

This  research  was  conducted  by  the  Handling  and  Fa- 
cilities Research  Branch,  Transportation  and  Facilities 
Research  Division,  Agricultural  Marketing  Service. 

The  authors  express  their  appreciation  to  the  cotton 
warehousemen  who  made  their  facilities  available  for  lay- 
out and  design  studies,  furnished  construction  cost  data, 


and    offered   helpful    suggestions,    criticisms,    and    other 
assistance. 

Leo  E.  Holman,  supervisory  project  leader,  provided 
guidance  and  many  helpful  suggestions  in  the  preparation 
of  this  report.  The  Grinnell  Company,  Inc.,  and  the 
Georgia,  Mississippi,  and  Texas  Insurance  Inspection  and 
Rating  Bureaus  contributed  suggestions  for  fire  protective 
features  for  the  compartments  described  in  this  report, 
and  provided  basic  rates  for  calculating  insurance  costs  on 
buildings  and  contents.  Many  manufacturers  and  ma- 
terials-handling associations  cooperated  in  various  ways. 
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Designing  a  Public  Warehouse  for  Compressing  and  Storing  Baled  Cotton 

By  Hebeb  D.  Bouland,  Civil  Engineer,  and  Chables  D.  Bolt,  Industrial  Engineer,  Agricultural  Marketing  Service, 

Transportation  and  Facilities  Research  Division 


Summary 


Cotton  warehousemen,  planning  to  build  a  new 
warehouse  for  compressing  and  storing  baled  cot- 
ton or  to  expand  an  existing  warehouse,  can  save 
money  and  hold  down  marketing  costs  if  they  make 
sound  decisions  in  advance  on  such  factors  as 
these : 

1.  Spacing  of  columns  so  that  compressed 
bales  can  be  stacked  around  them  and  so  that 
aisles  will  not  be  blocked. 

2.  Storage  patterns  for  bales  that  utilize 
storage  space  efficiently. 

3.  Width  and  length  of  main  and  cross 
aisles  for  efficient  use  of  handling  equipment. 

4.  Location  of  band-making  machinery  and 
dinky  press  to  give  a  better  flow  pattern,  when 
planning  a  layout  for  cotton  storage  and  com- 
press compartments. 

5.  Selection  of  building  materials  and  con- 
struction methods  which  minimize  not  only 
construction  costs  but  also  depreciation,  main- 
tenance, and  other  annual  costs. 

Warehousemen  who  compress  bales  just  before 
shipping  them  out  can  save  about  25  percent  of 
their  labor  and  equipment  cost,  compared  to  ware- 
housemen who  compress  bales  upon  their  receipt 
in  the  warehouse.  In  a  warehouse  handling  65,000 
bales,  compressing  bales  on  receipt  requires  five 
more  workers,  three  more  machines,  and  3,000 
more  man-hours  than  when  bales  are  compressed 
on  shipping  order.  However,  less  warehouse  and 
floor  space  is  required  if  bales  are  compressed  as 
they  are  received.  These  savings  in  floor  space 
often  offset  the  additional  labor  and  equipment 
cost. 

This  report  contains  designs  and  costs  for  three 
types  of  compresses  and  warehouses  with  con- 
nected compartments  for  storing  40,000  to  50,000 
compressed  bales.  Also,  it  describes  a  modifica- 
tion that  includes  a  compress  in  a  warehouse,  with 
separated  compartments  for  storing  flat  bales. 

One  warehouse  described  has  seven  connected 
compartments  of  pole-type  construction,  with  cor- 
rugated metal  siding  and  roofing.     The  estimated 


construction  cost  for  this  warehouse  in  1960  was 
$777,000.  The  total  annual  facility  cost — depre- 
ciation, interest,  taxes,  insurance,  and  mainte- 
nance— would  be  about  $72,000,  or  $1.57  per  bale 
of  capacity. 

Another  warehouse  is  of  prefabricated  steel  con- 
struction, with  seven  connected  compartments  in 
a  row,  separated  by  firewalls.  The  estimated  con- 
struction cost  for  this  warehouse  in  1960  was 
$1,076,000.  The  total  annual  facility  cost  would 
approximate  $84,000,  or  about  $1.87  per  bale  of 
capacity. 

The  third  warehouse  facility  is  of  all-concrete 
construction,  and  consists  of  two  rows  of  inter- 
connected compartments,  one  row  of  three  and 
one  row  of  four  compartments.  The  estimated 
construction  cost  for  this  warehouse  in  1960  was 
$1,200,000,  with  an  annual  facility  cost  of  approxi- 
mately $80,000,  or  $1.77  per  bale  of  capacity. 

Another  warehouse  facility  is  of  pole-type  con- 
struction, and  consists  of  six  separated  compart- 
ments. This  warehouse  is  a  modification  of  a 
warehouse  for  storing  flat  bales,  described  in  a 
previous  research  report  (11), *  to  which  a  com- 
press compartment  was  added.  The  estimated  con- 
struction cost  for  this  warehouse  in  1960  was 
$805,000,  with  an  annual  facility  cost  of  approxi- 
mately $75,000,  or  $1.67  per  bale  of  capacity. 

The  warehouse  of  all-concrete  construction  was 
selected  for  further  development.  Detailed  plans 
and  specifications,  along  with  labor  and  equip- 
ment requirements  and  costs  and  annual  facility 
costs,  were  developed  for  this  warehouse.  If  we 
assume  that  this  warehouse  will  receive,  compress, 
place  in  storage,  break  out,  and  ship  approxi- 
mately 65,000  bales  per  year,  annual  costs  would 
include  $12,804  for  direct  labor,  $7,254  for  equip- 
ment, and  $9,450  for  insurance  of  the  stored  cot- 
ton. These  specified  annual  costs,  plus  an  annual 
facility  cost  of  $79,920,  would  total  approximately 
$109,428,  or  about  $1.68  per  bale  handled. 


1  Italic  numbers  in  parentheses  refer  to  items  in  Ref- 
erences Cited,  p.  52. 


Background  and  Objectives  of  the  Study 


In  1961,  there  were  about  300  cotton  warehouses 
with  compress  equipment  in  the  United  States. 
These  facilities  are  mostly  in  the  mid-South  and 
along  the  Gulf  Coast.  Most  of  them  were  con- 
structed long  ago  when  manual  handtruck  opera- 
tions were  common ;  therefore,  the  warehousemen 
cannot  make  efficient  use  of  modern  handling 
equipment  and  methods. 

Objectives  of  this  study  were  to  develop  engi- 
neering designs  and  material  specifications  for  cot- 
ton compresses  and  warehouses  which  would :  ( 1 ) 
Permit  the  most  effective  use  of  modern  handling 
equipment  in  storing  and  compressing  bales;  (2) 
use  the  storage,  compressing,  and  site  space  effi- 
ciently; (3)  minimize  construction  and  mainte- 
nance costs;  and  (4)  provide  adequate  fire  protec- 
tion at  minimum  insurance  rates. 

Baled  cotton  is  usually  compressed  either  on  re- 
ceipt at  the  warehouse  or  just  before  shipment  from 
the  warehouse.  Some  facilities  compress  bales  on 
receipt,  and  store  only  compressed  bales;  some 
store  only  flat  bales,  compressing  them  before  ship- 
ment; and  some  store  both  compressed  and  flat 
bales.  Storage  compartments  designed  specifi- 
cally for  compressed  bales  are  smaller  than  those 
for  flat  bales.2 

This  report  gives  main  emphasis  to  facilities 
that  compress  on  receipt  and  store  compressed 
bales.  Designs  and  layouts  are  developed  for 
warehouses  for  storing  compressed  bales,  and  for 


modifications  of  existing  compress  compartments. 

Operators  who  store  flat  bales  and  compress 
them  just  before  shipment  may  use  the  design  for 
a  modified  compress  compartment.  A  design  and 
layout  for  a  warehouse  for  flat  bales,  including  a 
compress  compartment,  also  is  presented  (11) . 

Before  building  a  new  warehouse,  operators 
should  consider  the  relative  advantages  of  com- 
pressing on  receipt  and  on  shipment;  a  compari- 
son of  the  two  systems  is  given  on  pages  2  to  4. 

Layout  and  design  principles  developed  in  Mar- 
keting Research  Report  No.  355,  "Designing  a 
Public  Warehouse  for  Storing  Flat  Bales  of  Cot- 
ton," are  used  as  guides  in  this  report.  Additional 
guides  for  the  design  and  layout  of  storage  and 
compress  compartments  and  warehouses  were  de- 
veloped as  a  result  of  field  studies  in  Louisiana, 
Mississippi,  Tennessee,  Missouri,  Georgia,  and 
South  Carolina.  These  studies  concerned  layout, 
design,  and  construction  of  connected  storage  com- 
partments, firewalls,  covered  platforms,  and  ware- 
house sites. 

The  layouts  and  building  designs  in  this  report 
are  for  cotton  compresses  and  warehouses  suitable 
for  construction  in  the  mid-South,  Gulf  Coast,  and 
other  areas  having  high  or  medium  rainfall. 

This  report  is  intended  only  as  a  guide  for  plan- 
ning public  cotton  compresses  and  warehouses, 
and  will  not  replace  the  services  of  engineers,  ar- 
chitects, or  builders. 


Compressing  Bales  on  Receipt  Versus  Compressing  on  Shipping  Order 


Some  warehousemen  compress  bales  as  soon  as 
they  are  unloaded,  weighed,  and  sampled,  and 
then  transport  them  to  storage  compartments  and 
stack  them  in  five-high,  cordwood-style  stacks. 
Other  warehousemen  store  the  bales  as  they  are 
received,  and  compress  them  just  before  they  are 
shipped.  Warehousemen  should  consider  these 
factors  in  deciding  which  method  to  use :  (1)  Size 
of  storage  compartment,  (2)  estimated  number  of 
bales  to  be  received  during  the  harvesting  season, 
(3)  length  of  harvesting  season,  (4)  estimated 
number  of  bales  to  be  shipped  as  standard  or  high- 
density  bales,  (5)  handling  operations,  and  (6) 
labor  and  equipment  requirements  and  costs. 

Some  of  these  factors  vary  from  season  to  sea- 
son, and  the  warehouseman  may  vary  his  com- 

2  A  compartment  is  a  section  of  a  warehouse.  The  pur- 
pose of  the  compartment  is  to  confine  any  fire  to  the  com- 
partment and  prevent  its  spread,  through  barriers  such 
as  firewalls  or  clear  spaces  between  the  compartments. 
A  warehouse  and  compress  consists  of  the  compartments 
and  other  facilities  for  compressing  and  storing  baled 
cotton.  It  includes  the  roadways,  rail  sidings,  utilities, 
and  other  improvements. 


pressing  methods  from  year  to  year,  but  usually, 
for  a  particular  area,  a  certain  pattern  prevails 
over  the  years. 

Size  of  Warehouse  Compartments 

About  40,000  square  feet  of  space  is  required 
to  store  7,500  flat  bales  (11).  However,  com- 
pressed bales  require  less  floor  space  when  stored 
in  a  cordwood-style  stacking  pattern,  usually  five 
bales  high.  This  storage  pattern  permits  the  stor- 
ing of  the  maximum  number  of  bales  (7,500)  in 
about  30,000  square  feet — 25  percent  less  space 
than  would  be  required  for  the  same  number  of 
flat  bales.  Compartments  for  storing  compressed 
bales  have  the  same  standard  insurance  restric- 
tions as  those  for  flat  bales. 

Insurance  regulations  permit  a  larger  floor  area 
in  compartments  containing  compressing  machin- 
ery, boiler  rooms,  band-splicing  machines,  equip- 
ment, and  a  storage  area  for  compressing  supplies, 
than  in  other  compartments  (4).  Space  for  a  3- 
day  supply  of  bales  to  be  compressed  should  be 


.sufficient,  in  addition  to  the  space  occupied  by  the 

|  compress  machinery,  boiler  room,  band-making 

irea,  and  transporting  and  bale-handling  areas. 

Estimated  Number  of  Bales  To  Be  Received 
During  the  Harvesting  Season 

Each  season,  the  warehouseman  has  to  estimate 
he  number  of  bales  he  will  receive  from  local  pro- 
ducers.   This  estimate  will  aid  him  in  determining 
hether  to  compress  bales  as  they  are  received  or 
s  they  are  shipped.    In  developing  this  estimate, 
he  warehouseman  has  to  take  into  consideration 
((the  weather  during  the  planting,  growing,  and 
harvesting  seasons.    If  there  is  a  small  local  cot- 
ton crop,  it  usually  is  to  the  warehouseman's  ad- 
vantage to  store  the  flat  bales  as  they  are  received, 
and  compress  them  on  receipt  of  a  snipping  order. 
When  there  is  a  large  crop,  the  warehouseman 
may  have  to  compress  bales  as  they  are  received 
in  order  to  accommodate  all  of  his  customers. 

Length  of  Harvesting  Season 

In  sections  where  cotton  is  handpicked,  the 
harvest  season  can  last  over  5  months.  Where 
machines  are  used  to  harvest  cotton,  the  season 
usually  lasts  from  4  to  8  weeks.  A  warehouseman 
usually  tries  to  gear  his  operations  to  the  length 
of  the  harvesting  season  in  determining  the  num- 
ber of  clamp  trucks,  attachments,  and  other  pieces 
of  equipment  he  will  use,  the  number  of  extra  em- 
ployees he  will  require,  and  the  bale  storage  pat- 
terns and  handling  methods  he  will  use. 

Estimated  Number  of  Bales  To  Be  Compressed 
to  Standard  and  High  Density 

Warehousemen  should  take  into  consideration 
the  number  of  bales  that  will  be  compressed  to 
standard  density  for  domestic  use,  and  the  num- 
ber that  will  be  compressed  to  high  density  for 
export.  If  bales  are  compressed  to  standard 
density  as  they  are  received,  they  will  have  to  be 
recompressed  to  high  density  if  they  are  to  be  ex- 
ported. Warehousemen  following  the  latter  pro- 
cedure will  have  additional  bale  handling  opera- 
tions, costs,  and  service  charges  to  customers  when 
standard  bales  are  compressed  for  export. 

Handling  Operations 

When  bales  are  compressed  on  receipt  rather 
than  on  shipping  order,  at  least  three  additional 
operations  are  performed:  (1)  In  the  receiving 
operation,  flat  bales  are  moved  from  the  unloading 
area  to  a  temporary  pressing  block  in  the  compress 
compartment;  (2)  in  the  storing  operation,  bales 
are  moved  from  a  block  in  the  main  aisle  of  the 


storage  compartment  and  placed  in  five-high  cord- 
wood  storage  stacks;  and  (3)  in  the  breakoul 
operation,  bales  in  the  cross  aisle  are  moved  to 
a  block  in  the  main  aisle.  Moreover,  if  hales  have 
to  be  recompressed,  additional  opera't  ions  must  be 
performed. 

When  bales  are  compressed  on  shipping  order, 
the  stacking,  breakout,  and,  in  some  cases,  trans- 
portation operations  can  be  performed  at  a  faster 
rate  and  at  a  lower  cost.  Additional  operations 
usually  mean  more  machines,  operators,  time,  and 
costs. 

Labor  and   Equipment 

Because  of  the  additional  handling  operations 
listed  above,  compressing  bales  on  receipt  requires 
five  more  workers  and  three  more  machines  than 
when  bales  are  compressed  on  shipping  order. 
Two  men  and  one  breakout  truck  equipped  with 
an  extractor  can  break  out  an  average  of  50  com- 
pressed bales  per  hour  from  5-high  cordwood 
stacks  and  place  them  in  the  cross  aisle.  A  clamp 
truck  is  used  to  move  the  bales  to  a  block  in  the 
main  aisle.  One  man  and  a  machine  equipped 
with  a  breakout  device  can  break  out  an  average 
of  70  flat  bales  per  hour  from  3-high-on-head 
stacks.  He  also  moves  them  to  a  temporary  block 
in  the  main  aisle,  eliminating  the  necessity  for  a 
second  clamp  truck.  Labor  and  equipment  costs 
then  are  higher  than  the  costs  when  bales  are 
compressed  on  shipping  order.  Data  from  refer- 
ences (3)  and  (10)  were  used  in  computing  labor 
and  equipment  requirements  for  these  two 
methods. 

Compressing  bales  on  shipping  order  requires 
shorter  transporting  distances  from  unloading  to 
storing  in  stacks  in  the  receiving  operation,  and 
from  the  compressing  machine  to  rail  car  or  road 
truck  in  the  shipping  operation. 

Comparison  of  Labor,  Equipment,  and 
Facility  Costs 

A  comparison  of  labor  and  equipment  costs  for 
the  two  compressing  methods  used  in  a  warehouse 
handling  65,000  bales  per  season  shows  that  it  is 
advantageous  to  compress  bales  on  shipping  order. 

Compressing  that  number  of  bales  as  soon  as 
they  are  received  and  then  storing  them  requires 
about  11,000  man-hours.  Compressing  bales  when 
they  are  to  be  shipped  requires  about  8,000  man- 
hours,  a  saving  of  3,000  man-hours.  The  labor 
and  equipment  cost  for  compressing  the  bales  as 
they  are  received  amounts  to  about  $20,000;  for 
bales  compressed  when  shipped,  about  $15,000,  a 
saving  of  around  $5,000  for  the  latter  method. 

However,  this  annual  saving  of  $5,000  in  labor 
and  equipment  cost  is  often  offset  by  the  extra 
cost  of  larger  facilities  required  to  store  flat  bales. 


For  example,  the  annual  f acility  cost  for  the  first 
three  warehouses  shown  in  table  6,  later  in  this 
report,  is  increased  between  15  and  25  percent  be- 
cause of  the  larger  warehouse  and  increased  fire- 


walls required  for  flat  bales.    This  would  give  an] 
extra  annual  facility  cost  of  $10,000  to  $18,000  for 
the  pole-type  warehouse  and  of  $13,000  to  $20,000 
for  the  concrete  warehouse. 


Shortcomings  Found  in  Existing  Compresses  and  Warehouses 


Shortcomings  were  noted  in  the  layouts,  build- 
ing designs,  construction,  and  building  main- 
tenance programs  of  existing  compresses  and 
warehouses. 

Layout  of  Compartment  and  Warehouse 

Many  warehouses  have  layouts  for  manual- 
handtruck  operations,  and  the  warehouseman  can- 
not make  efficient  use  of  modern  handling  equip- 
ment and  methods.  The  following  are  some  of 
the  shortcomings  of  warehouses  found  in  the 
Southeast  and  central  plains  areas,  in  addition  to 
those  listed  in  "Designing  a  Public  Warehouse 
for  Storing  Flat  Bales  of  Cotton"  (11 ) . 

Aisles. — Some  warehouses  have  two  main  aisles 
in  each  compartment,  one  running  from  one  end 
wall  to  the  other  end  wall,  and  a  second  running 
between  the  side  walls.  Sometimes  drainage 
ditches  are  located  along  one  side  of  the  main  aisle, 
and  it  is  necessary  to  use  a  wood  or  metal  bridge 
plate  at  each  cross  aisle.  Also,  in  some  ware- 
houses, floors  are  of  various  heights,  with  ramps 
placed  in  the  main  aisle  leading  from  one  level  to 
another.  In  some  warehouses,  cross  aisles  are 
lower  than  main  aisles,  and  in  others  they  are 
higher.  Most  cross  aisles  are  from  one  to  two 
feet  wider  than  necessary  for  machine  operations. 

Location  of  dinky  press,  band-making  equip- 
ment, and  band-storage  areas. — The  dinky  press 
is  located  either  in  front  of  the  compress,  at  an 
angle,  or  on  the  right  or  left  side,  and  at  varying 
distances  from  the  compress.  Some  of  the  dinky 
presses  are  located  so  that  a  worker  feeding  the 
dinky  is  working  in  a  main  aisle.  Band-making 
tables  and  equipment  are  often  located  wherever 
there  is  an  available  open  space.  At  some  com- 
presses, band  ends,  band  scraps,  and  used  bands 
from  outside  sources  are  dumped  in  scattered  and 
tangled  piles  up  to  6  feet  high  and  12  feet  long. 

Platforms. — Older  warehouses  have  inadequate 
platforms  for  efficient  machine  operations.  Some 
platforms  are  too  narrow  (barely  wide  enough  for 
one  handtruck  and  a  bale)  and  built  at  several  dif- 
ferent levels,  with  low  supporting  braces  for  plat- 
form coverings  and  with  columns  located  so  they 
interfere  with  handling  operations.  Rail-car  and 
road-truck  platforms  often  are  elevated  above  the 
compartment  floor  and  a  ramp  is  installed  inside 


the  compartment.  Sprinkler  drain  pipes,  water 
valves,  hose,  valve  houses,  stationary  scales,  and 
other  items  are  often  located  on  the  platforms,  and 
are  subject  to  damage  by  clamp  trucks. 

Warehouse  sites. — Warehouse  sites  usually  are  j 
adjacent  to  railroad  rights-of-way;  most  of  these 
sites  were  found  to  be  irregular  in  shape.  They 
often  required  dirt  fills  of  6  to  20  feet,  and  in  some 
instances  the  warehouse  was  erected  on  columns 
or  piles,  with  the  floor  several  feet  above  the 
ground.  Additional  compartments  were  erected 
on  some  sites  in  the  nearest  available  space,  and 
they  often  disrupted  or  interfered  with  traffic. 
Roadways  were  sometimes  poorly  constructed  and 
showed  evidence  of  little  maintenance.  On  sites 
that  had  steep  slopes,  warehouses  were  built  on 
several  different  levels. 

Building  Designs 

Many  of  the  older  warehouses  in  the  Mississippi 
Valley  have  earth  floors,  rather  than  concrete,  as- 
phalt, or  other  hard-surface  floors  (fig.  1).    In 


Figure  1. — It  is  difficult  for  industrial  trucks  to  maneuver 
in  warehouses  with  dirt  floors  and  wood  dunnage. 

such  warehouses,  it  is  difficult  to  keep  the  cotton 
bales  clean  and  dry,  and  warehousemen  often 
store  the  bales  on  wood  dunnage  on  the  earth  floor. 
This  combination  of  dirt  floors  and  wood  dunnage, 
often  scattered  about  the  floor,  makes  it  difficult 
for  industrial  trucks  to  maneuver  through  the 


jlplant.  In  other  warehouses  with  wood  floors,  the 
ofstructural  and  floor  framing  were  not  designed  to 
(•carry  the  loads  of  modern  industrial  trucks. 
f  Clamp  trucks  carrying  two  or  more  bales  per  trip 
[had  often  broken  the  flooring,  causing  much  de- 
lay for  repairs  (fig.  2) . 

Many  warehouses  have  poor  lighting,  both 
natural  and  artificial.  With  dirt  floors  and 
poor  lighting,  many  of  them  have  poor  working 
conditions. 

Most  warehouses  do  not  have  adequate  guards 
Ifor  doors,  walls,  and  columns  to  prevent  damage 
by  clamp  trucks.  Some  warehouses  were  not  prop- 
erly designed  against  wind  damage.  Several 
warehouses  in  the  Gulf  Coast  area  have  been  de- 
stroyed by  high  winds.  In  many  areas  of  the 
Southeast,  rainfall  rates  are  relatively  high  (fig. 
3).  Drainage  facilities  at  some  warehouses  are 
inadequate,  and  many  warehouses  do  not  have 
covered  platforms. 

Housekeeping  and  Maintenance 

In  some  warehouses,  no  provision  is  made  for 
housekeeping  or  maintenance  programs.  Lack  of 
a  systematic  program  is  reflected  in  broken  win- 
dows; floors  with  unpatched  holes  and  large 
cracks ;  doors  hanging  by  one  hinge  or  roller,  often 
with  splintered  wood  or  creased  and  torn  metal  on 
the  sides  and  bottom;  walls  broken  loose  from 
tructural  members;  dunnage  scattered  over  the 
floor ;  cotton  lint,  bagging,  and  broken  bands  and 
buckles  scattered  throughout  the  compartments. 


Figure  2. — Heavy  clamp  trucks  carrying  two  or  more  bales 
can  break  wood  flooring. 
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Figure  3. — Rainfall  intensity  map  of  the  Cotton  Belt. 


General  Assumptions 


Warehouses  Storing  Compressed  Bales 

For  a  warehouse  storing  compressed  bales,  it  is 
assumed  that  the  warehouse  will  receive  annually 
65,000  flat  bales  and  compress  them  on  receipt. 
The  bales  will  be  stored  in  5-high  cordwood  stacks. 
The  warehouse  will  have  storage  space  for  40,000 
to  50,000  bales  of  compressed  cotton  in  6  com- 
partments. 

Warehouse  Storing  Flat  Bales 

One  design  has  been  developed  in  this  report 
for  a  warehouse  storing  flat  bales.  The  storage 
compartments  are  the  same  as  those  used  in  the 
pole-type  warehouse  described  in  reference  (11). 
A  warehouseman  may  wish  to  add  a  compartment 
for  installing  compressing  machinery  and  a  boiler 
room  to  the  warehouse  described  in  the  reference. 
It  is  assumed  that  the  warehouse  will  receive  an- 
nually 65,000  flat  bales,  store  the  flat  bales  3-high 
on  head,  and  compress  the  bales  at  the  time  of 
shipping  orders.  The  warehouse  will  have  a  stor- 
age capacity  of  40,000  to  50,000  flat  bales. 

Modified  Compress  Compartment 

Layouts  and  designs  for  compress  compartments 
are  based  on  the  assumption  that  the  warehouse- 
man would  not  relocate  his  existing  press  and 
boiler  room.  Improvement  in  layout  would  be 
accomplished  by  relocating  the  dinky  press,  band- 
making  area,  doors,  pressing  blocks,  etc. 

Assumptions  Basic  to  All  Designs 
Discussed  in  This  Report 

Handling   Operations 

It  is  assumed  that  all  bale-handling  operations 
will  be  performed  at  ground  level,  except  for  the 
loading  of  rail  cars,  which  will  be  done  from  a 
covered  platform.  All  bales  will  be  received  by 
road  truck  and  shipped  by  rail  car. 

Weather  Conditions 

The  warehouse  designs  described  in  this  report 
were  developed  mainly  for  areas  having  a  high  or 
medium  rainfall  intensity  (fig.  3).  The  intensity 
and  amount  of  rainfall  affect  the  degree  of 
weathertightness  required  in  the  structure  and  the 
kind  of  drainage  facilities  required.  And,  in 
contrast  to  cotton  warehouse  designs  for  the  South- 
west (11 ) ,  designs  shown  in  this  report  have  con- 
nected storage  compartments,  covered  loading  and 
unloading  areas,  more  extensive  gutters,  down- 
spouts, and  other  drainage  facilities. 


Structural    Design   Criteria 


The  cotton  warehouse  must  be  designed  to  with 
stand  safely  the  many  forces  imposed  upon  it,  such 
as  those  of  wind,  snow,  and  weight  of  construction 
materials.  The  values  selected  for  these  forces 
depend  upon  geographical  locations  and  local 
building  codes.  For  additional  information  on 
structural  design  loads,  see  "Designing  a  Public 
Warehouse  for  Storing  Flat  Bales  of  Cotton"  (11, 
p.  9)  and  "National  Building  Code"  (8). 

The  following  loads  were  used  in  designing  the 
warehouses  shown  in  this  report: 

Roof  live  load. — A  roof  load  of  20  pounds  per 
square  foot  of  horizontal  projection  was  used. 
This  value  covers  light  snow  and  miscellaneous 
construction  loads,  and  is  a  minimum  specified  by 
many  building  codes. 

Wind  loads. — A  horizontal  design  wind  pres- 
sure of  20  pounds  per  square  foot  (15.5  pounds  per 
square  foot  velocity  pressure)  for  heights  less 
than  30  feet  above  ground  level  was  selected.  For 
areas  close  to  the  Atlantic  and  Gulf  coasts,  and 
for  heights  above  30  feet,  the  design  wind  pressure 
should  be  increased  (11).  A  resultant  wind  pres- 
sure on  the  roof  of  25  pounds  uplift  per  square 
foot  was  used  (1*4  times  the  horizontal  design 
pressure). 

Floor  loads. — A  concentrated  wheel  load  of 
4,000  pounds  (rubber  cushion  wheel)  and  a  mini- 
mum uniform  load  of  400  pounds  per  square  foot 
were  assumed. 

Bearing  capacity  of  soil. — Fairly  stable  soil 
that  will  support  3,500  pounds  per  square  foot  was 
assumed.  Of  course,  footings  should  be  designed 
to  meet  the  specific  conditions  found  at  the  site 
where  the  warehouse  is  to  be  erected. 

Basis  and  Assumptions  Used  for  Cost  Estimates 

Labor  and  equipment  costs. — The  hourly  wage 
rates  for  direct  labor  are  assumed  rates.  Man- 
hour  requirements  for  the  handling  operations 
were  developed  from  data  in  "Handling  Bales  of 
Cotton  in  Public  Warehouses"  (10) . 

Equipment  costs  given  in  this  report  include 
both  ownership  (depreciation,  interest  on  invest- 
ment, taxes,  and  insurance)  and  operating  costs 
(gasoline,  oil,  maintenance,  and.  repairs) .  Equip- 
ment requirements  were  developed  from  data  used 
in  "Handling  Bales  of  Cotton  in  Public  Ware- 
houses" (10). 

These  labor  and  equipment  costs  do  not  include 
overhead,  management,  office  help,  fringe  benefits, 
or  other  direct  costs. 

Construction  costs. — The  estimated  construc- 
tion costs  given  in  this  report  are  based  on  labor 
rates  and  material  prices  for  1960  for  the  Dallas, 
Tex.,  area,  and  on  information  obtained  from  esti- 


mating  handbooks,  technical  publications,  manu- 
facturers of  building  materials,  contractors,  and 
other  sources. 

Annual  facility  costs  include  depreciation,  in- 
terest,  taxes,   maintenance,   and   insurance    (3). 


Data  for  computing  annual  costs  of  warehouses 
were  obtained  from  trade  associations,  warehouse- 
men, and  published  information.  Insurance  costs 
were  estimated  from  rates  furnished  by  the  rating 
bureaus  of  Texas,  Mississippi,  and  Georgia. 


General  Layout  and  Design  Factors 


Bales  of  cotton  and  cotton  machines  have  be- 
|come  more  and  more  standardized,  and  a  ware- 
house operator  or  owner  must  be  concerned  with 
every  detail  that  affects  cost.  Two  of  these  im- 
portant details  are  warehouse  layout  and  design. 
[The  principles  and  guides  of  layout  planning  are 
simple,  and  easy  for  a  warehouseman  to  under- 
stand (11,  pp.  4.-8,  38) . 

Layout  Factors 

Eight  factors  that  may  influence  storage  or  com- 
pressing compartment  layouts  are:  (1)  Type  of 
bales  to  be  stored  (flat  or  compressed) ;  (2)  ma- 
chinery; (3)  labor;  (4)  handling  operations;  (5) 
temporary  storage  blocks;  (6)  utilities,  column 
spacing,  storage  patterns,  aisles,  platforms,  light- 
ing; (7)  size  of  compartment;  and  (8)  fire 
protection. 

Storage   Comportments 

The  layout  factors  for  a  storage  compartment 

for  storing  flat  bales  were  discussed  in  detail  in 

"Designing  a  Public  Warehouse  for  Storing  Flat 

Bales  of  Cotton"  (11 ) .    Compartments  for  storing 

compressed  bales  are  smaller,  but  the  same  factors 

are  used  in  developing  a  layout.    Men,  bales  and 

equipment  must  be  integrated  so  as  to  move  bales 

as  easily  as  possible  over  the  shortest  distance, 

I  while  providing  a  natural  sequence  of  operation 

|  in  a  safe  manner  under  good  working  conditions. 

I  Column  spacing  is  different  from  that  for  flat 

\  bales,  because  compressed  bales  are  stored  in  five- 

I  high  cordwood  stacks  and  more  space  is  required 

between  columns. 

Compressing   Compartment 

A  compress  compartment  layout  cannot  be 
worked  out  until  complete  operating  details  are 
known.  Most  layouts  described  in  this  report  are 
for  operations  performed  around  the  existing 
compress  and  are  not  concerned  with  the  location 
of  new  compress  machinery.  Consideration  has 
to  be  given  to  the  size  and  shape  of  the  present 
compartment;  location  of  utility  service  lines, 
doorways,  and  temporary  bale  storage  space; 
column  spacing ;  floor  construction ;  and  platform 
size  and  construction.  The  most  economical  han- 
dling system  for  getting  bales  to  and  from  the 
compress  should  be  determined,  including  loca- 
tion of  the  dinky  press.  Handling  methods,  han- 
dling equipment,  space  for  movement,  and  a  flow 
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pattern  should  be  determined.  The  location  of 
temporary  blocks  is  frequently  overlooked.  How- 
ever, temporary  blocks  make  for  easier  checking, 
and  when  handling  equipment  of  the  proper  size 
is  used,  time  and  costs  can  be  reduced. 

Warehouse  Site 

A  careful  analysis  must  be  made  of  the  site  for 
a  cotton  compress  and  cotton  warehouse.  The  site 
should  be  fairly  level  and  well  drained,  and  soil 
conditions  should  be  as  stable  as  possible  to  elimi- 
nate expensive  foundation  and  floor  construction. 
Irregularly  shaped  sites  should  be  avoided  if  pos- 
sible. An  adequate  water  supply  for  drinking 
and  for  fire  protection,  steam  boiler  use,  and  sani- 
tation, along  with  electric  power,  should  be  avail- 
able. Consideration  should  be  given  also  to  rail 
service,  highway  availability,  public  transporta- 
tion, parking  areas  for  employees,  and  the  avail- 
ability of  a  labor  supply. 

Considerations  in  Developing  Building 
Designs 

The  warehouse  design  is  influenced  by  several 
factors,  including  availability  of  local  contractors, 
labor,  and  materials,  and  of  a  building  site ;  local 
weather  conditions ;  building  and  other  codes  reg- 
ulating public  warehouse  operations;  and  struc- 
tural design  loads.  Such  factors  have  been 
discussed  in  detail  in  a  previous  report  (11,  pp. 
8-12). 

All  designs  in  this  report  are  for  a  one-story 
warehouse  with  the  floor  on  grade. 

Consideration  should  be  given  to  the  design  of 
each  of  the  warehouse  components — floors,  walls, 
roofs,  doors,  structural  framing,  windows,  sky- 
lights, etc.  (11,  pp.  12-16). 

Building   Components 

Floors. — Floors  should  be  skidproof,  dust- 
proof,  nonsparking,  and  durable.  Asphalt  floors 
should  be  constructed  of  a  densely  graded  mix 
and  well  compacted  so  as  not  to  scale  or  flake 
and  stain  the  cotton.  Floors  must  be  designed  for 
the  heavy  handling  equipment  to  be  used  in  the 
warehouse ;  for  example,  a  four-bale  clamp  truck 
has  a  concentrated  wheel  load  of  about  4,000 
pounds.  In  the  compressing  compartment,  where 
there  is  considerable  traffic  and  activity,  it  often 
is  advisable  to  use  a  stronger  and  heavier  floor 
than  is  used  in  the  storage  compartments. 


In  the  Southeast,  some  warehousemen  had  prob- 
lems with  moisture  condensation  on  the  floors.  In 
some  areas  where  the  water  table  was  high— for 
example,  the  Mississippi  Valley— water  migrated 
from  the  soil  below  the  floor  slab  to  the  surface  of 
the  floors.  To  help  prevent  moisture  problems, 
the  floor — either  asphalt  or  concrete — should  be 
constructed  on  about  a  6-inch  gravel  fill.  With  a 
concrete  slab,  it  is  also  recommended  that  a  vapor 
barrier  of  building  paper  or  plastic  sheets  be  used 
underneath  the  concrete. 

Exterior  walls. — Exterior  walls  must  be  weath- 
erproof. Corrugated,  light-gage,  steel  siding  is  a 
popular  exterior  wall  covering  for  cotton  ware- 
houses. However,  walls  of  this  type  can  be  easily 
damaged  by  clamp  trucks  and  other  heavy  equip- 
ment and  should  be  protected  by  one  of  several 
methods:  (1)  Use  a  concrete  curb  along  the  base 
of  the  wall  (fig.  4) ;  (2)  use  a  metal  guard  along 
the  wall  (fig.  5) ;  (3)  leave  a  small  unpaved  strip 
next  to  the  wall  to  keep  trucks  and  handling 
equipment  away  from  the  wall  (fig.  6)  ;  or  (4) 
construct  the  lower  3  to  5  feet  of  wall  of  reinforced 
concrete  (fig.  7).  Precast  concrete  panels,  brick, 
and  asbestos  cement  panels  also  are  used  for  walls 
for  cotton  warehouses. 

Firewalls. — Firewalls  are  used  between  con- 
nected storage  or  compressing  compartments.    In 
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Figure  4.— A  concrete  curb  along  the  warehouse  wall  built 
to  protect  metal  walls  from  clamp-truck  damage. 
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Figure  5. — Wall  guards  of  4-inch  pipe  installed  to  protect 
metal  walls  from  clamp-truck  damage. 
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Figure  6. — A  small  unpaved  area  near  the  warehouse  wall 
will  protect  the  wall  from  clamp-truck  damage. 

the  designs  illustrated  in  this  report,  the  compart- 
ments are  joined  with  firewalls.  However,  it  is 
often  cheaper  to  separate  the  compartments  by  a 
clear  space  (usually  100  feet)  to  provide  the  neces- 
sary fire  division,  and  this  factor  should  be  con- 
sidered where  weather  permits  (11,  p.  IS). 

Firewalls  should  (1)  be  constructed  of  fire-re- 
sistant material,  such  as  clay  tile,  brick,  concrete 
block,  or  reinforced  concrete;  (2)  have  enough 
insulation  to  prevent  critical  temperature  rises  on 
the  unexposed  side  of  the  wall; 3  (3)  have  such 
piers  and  pilasters  in  the  walls  and  self-releasing 


3  In  concrete  block  firewalls,  fire  resistance  increases 
in  proportion  to  the  1.7  power  of  the  thickness  of  the 
solid  materials  in  the  wall  (12) . 


Figuee  7. — Concrete  wall  base,  4  feet  high,  prevents  clamp- 
truck  damage  to  wall. 

roof  framing  as  will  permit  the  wall  to  stand  under 
fire  conditions,  and  allow  the  collapse  of  construc- 
tion on  either  side  of  the  wall;  and  (4)  have  suffi- 
cient roof  parapets  on  top  of  the  wall,  and  "tees" 
at  its  end,  to  prevent  fires  from  "jumping"  over  or 
around  the  firewall. 

Firewalls  constructed  of  lightweight  aggregate 
concrete  masonry  units  were  selected  for  the  de- 


signs in  this  report  because  of  their  low  construc- 
tion cost  and  good  fire  resistance  (fig.  8).  A  10- 
or  12-inch-thick  wall  of  this  type  of  construction 
is  suggested,  as  it  has  the  necessary  4-hour  fire- 
resistance  rating  (5).  However,  some  insurance 
agencies  may  still  require  a  16-inch  masonry  wall. 

An  alternate  recommended  firewall  is  an  8-inch- 
thick  precast,  or  tiltup,  concrete  firewall  (fig.  8). 
This  also  should  be  constructed  of  lightweight 
aggregate — pumice,  expanded  slag,  or  burned 
shale. 

Either  of  these  two  types  of  wall  should  be  used 
also  in  the  compressing  compartment  for  the  walls 
of  the  boiler  room. 

The  firewall  shown  in  figure  8  was  estimated  to 
cost  about  $11,000,  or  a  little  less  than  $50  per 
foot  of  building  width. 

Building  height. — Compressed  bales  stored  five 
high  in  cord  wood  style  make  a  stack  about  10  feet 
high.  With  a  2-foot  clearance  required  at  the 
eaves  between  the  top  of  the  bales  and  the  sprinkler 
head,  minimum  building  height  at  the  eaves  must 
be  about  12  feet.  An  eave  height  of  14  feet  has 
been  selected  for  the  designs  in  this  report.  Ware- 
housemen planning  to  store  flat  bales  three  high 
on  head  should  consider  a  higher  building  (11). 

Structural  framing. — The  structural  framing 
of  the  warehouse — girders,  beams,  columns,  etc. — 
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Figure  8. — Firewalls  can  be  built  of  concrete  masonry  units  or  precast  concrete  panels. 


must  be  able  to  resist  the  wind  and  other  forces 
acting  on  the  building.  Careful  consideration 
must  be  given  also  to  the  spacing  of  structural 
columns.  In  general,  column  spacmgs  of  over  20 
or  30  feet  increase  overall  construction  cost.  Ad- 
vantages of  wide  column  spacings  are  discussed 
in  "Designing  a  Public  Warehouse  for  Storing 
Flat  Bales  of  Cotton"  (11,  p.  6).  However,  col- 
umns do  have  the  advantages  of  helping  to  divide 
the  compartment  into  bays  or  storage  sections  and 
of  providing  support  for  fire  hose  racks. 

Roofs.— Roofs  must  be  carefully  designed  and 
constructed,  particularly  in  areas  of  high  and 
medium  rainfall  (fig.  3) .  In  these  areas,  a  steeper 
pitch  usually  is  required  for  sheet  metal  roofs  than 
is  needed  in  the  Southwest  (11,  p.  15). 

Doors.— Doors  should  be  wide  enough  for  ef- 
ficient use  of  modern  handling  equipment  at  the 
warehouse.  Doors  14  feet  wide  by  12  feet  high  are 
the  minimum  size  recommended  for  the  designs 
used  in  this  report.  Warehousemen  planning  to 
use  six-bale  clamp  trucks  or  larger,  or  to  drive  road 
trucks  into  the  compartments,  should  consider 
even  larger  doors.  Extra- wide  doors  also  are  de- 
sirable for  the  compressing  compartment. 

Fire  protection. — Fire  protection  for  the  ware- 
house usually  consists  of  a  sprinkler  system,  out- 
side fire  loop  with  fire  hydrants,  and  first-aid 
fire-fighting  equipment  such  as  extinguishers. 
Fire  protection  should  be  planned  in  cooperation 
with  fire  insurance  agencies   (5). 

Illumination. — About  5  foot-candles  of  light 
intensity  is  recommended  as  minimum  lighting  in 
the  storage  compartment,  but  a  somewhat  lower 
overall  intensity  can  be  used  if  high-intensity  local 
lighting  is  provided,  such  as  spotlights  in  aisles. 
In  the  compress  compartment,  particularly  around 
the  compress  and  banding  machinery,  a  minimum 
lighting  intensity  of  15  foot-candles  is  suggested. 

Ventilation. — Some  research  has  indicated  that 
air  conditioning  or  dehumidification  of  storages 
can  help  maintain  the  quality  of  cotton  fibers. 
However,  in  1961  these  practices  were  not  consid- 
ered economical  in  commercial  warehouses,  and 
usually  only  a  minimum  of  ventilation  was  pro- 
vided in  the  storage  compartment,  through  win- 
dows, louvers,  and  other  ventilating  devices.  The 
compressing  compartment,  on  the  other  hand, 
should  have  sufficient  ventilation  to  remove  dust 
produced  by  compressing  operations,  and  thus  im- 
prove working  conditions.  An  exhaust  system  to 
remove  dust  is  sometimes  advisable.  However, 
some  fire  insurance  authorities  look  with  disfavor 
on  ventilation  systems.4 

4  Some  insurance  rating  bureaus  have  ruled  that  cotton 
storage  buildings  having  open  sides  or  openings  in  the 
roof  cannot  be  approved  for  sprinkler  installations.  They 
require  that  all  openings  be  protected  with  copper,  bronze, 
or  galvanized  wire  screen  (hardware  cloth)  having  a  mesh 
of  not  less  than  36  to  the  square  inch,  or  otherwise  pro- 
tected in  an  equivalent  manner  to  prevent  entrance  of 
sparks. 


Docks  and  platforms. — Covered  docks  and 
platforms  are  shown  in  the  designs  in  this  report. 
Platforms  at  the  rail  siding  should  be  at  rail-car 
height.  The  main  truck  receiving  platforms  can 
be  at  ground  level,  as  truck  unloading  from  ground 
level  is  recommended.  However,  a  small  platform 
at  truck-bed  height  should  also  be  provided.  Any 
ramps  leading  to  the  platforms  used  by  clamp 
trucks  should  have  a  maximum  grade  of  12  percent. 

Site  facilities. — Site  facilities  include  rail  sid- 
ings, drainage  facilities,  and  roadways.  Each 
should  be  specially  designed  to  meet  the  local  topo- 
graphic and  site  conditions.  Pavements  and  road- 
ways should  be  designed  for  heavy  wheel  loads  on 
road  trucks.  Adequate  drains  and  storm  sewers 
should  be  provided. 

Layout  of  a  Storage  Compartment  for 
Compressed  Bales 

The  layout  of  a  storage  compartment  for  com- 
pressed bales  is  much  the  same  as  for  a  compart- 
ment in  which  flat  bales  are  stored  (11).  Bale 
storage  capacity  remains  the  same,  7,500  bales, 
but  the  compartment  size  is  smaller.  Usually, 
less  than  30,000  square  feet  of  floor  space  is  re- 
quired. Spacing  of  columns  and  storage  patterns 
are  changed,  but  the  guides  are  the  same  as  those 
used  for  flat-bale  storage. 

Compartment  Size  and   Bale  Storage   Capacity 

Insurance  standards  limit  the  maximum  storage 
capacity  in  any  one  compartment  to  7,500  bales 
of  cotton  and  75,000  square  feet.  Insurance 
standards  for  sprinkler  installations  also  have  a 
bearing  on  the  size  of  a  compartment. 

If  storage  compartments  for  compressed  bales 
are  constructed  of  certain  materials,  insurance 
regulations  permit  the  use  of  one  sprinkler  system 
to  cover  30,000  square  feet. 

Column   Spacing   and   Storage   Patterns 

Spacing  of  columns  and  storage  patterns  deter- 
mine the  size  of  the  storage  section  and,  to  a 
considerable  extent,  the  layout.  In  storing  com- 
pressed bales  in  five-high,  cordwood  stacks,  a 
storage  section  at  least  28  feet  wide  is  suggested. 
Thus,  columns  can  be  spaced  28  feet  by  20  feet 
on  centers,  which  will  provide  room  for  handling 
equipment  to  operate  efficiently. 

Usually  two-  or  three-bale  clamp  trucks  are 
used  to  store  compressed  bales  in  cordwood  stacks. 
The  two  rows  of  stacked  bales  are  about  91/2  feet 
wide,  and  cross  aisles  are  4^  feet  wide.  Columns 
are  spaced  so  that  two  cross  aisles  and  four 
storage  rows  of  stacked  bales  take  up  the  28  feet. 
When  the  same  idea  is  used  for  cordwood  stack- 
ing of  compressed  bales  as  for  stacking  flat  bales, 
they  will  be  "wrapped"  around  columns  spaced 
on  20- foot  centers  with  a  minimum  loss  of  floor 
space. 

It  is  also  possible  to  use  wide-span  compart- 
ments with  no  columns  and  have  less  difficulty  in 
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i  performing    mechanized    handling     operations. 
.When  there  are  fewer  columns,  it  is  possible  to 
make  better  use  of  space  for  stacking  and  for  lo- 
'  iration  of  aisles. 

';  Aisles 

,  Aisles  are  discussed  in  detail  in  "Designing  a 
t  Jr ublic  Warehouse"  for  Storing  Flat  Bales  of  Cot- 
jjton"  (11),  and.  table  1  in  that  report  shows  sug- 
gested aisle  widths  for  transporting  bales  of 
|:otton. 

Handling   Operations 

Most  compresses  can  press  from  95  to  120  bales 
per  hour,  and  this  rate  controls  the  transporting, 
storing,  and  sometimes  the  loading-out  rate.  The 
pressing  rate  also  will  control  the  types  of  equip- 
ment and  number  of  workers  to  employ.  Equip- 
ment weight,  aisle  widths,  and  strength  of  floors 
often  affect  the  handling  operations. 

Flow  of  Bales  Into  and  Out  of  Compartment 

The  flow  chart  in  figure  9  represents  operations 
in  moving  compressed  bales  into  and  out  of  a  stor- 
age compartment. 


A  recommended  flow  and  sequence  of  operations 
for  storing  compressed  bales  is  shown  in  figure  9. 
Storage  operations  include  ( 1 )  transporting  com- 
pressed bales  by  four-bale  clamp  truck  from  the 
compress  compartment,  and  setting  them  down  in 
a  temporary  block  in  the  main  aisle  of  the  storage 
compartment;  (2)  picking  up  bales  with  a  three- 
bale  clamp  truck  and  placing  them  in  a  horizontal 
position;  and  (3)  moving  bales  to  a  storage  stack 
and  placing  them  in  five-high  cordwood  stacks. 
The  flow  chart  shows  that  each  operation  can  be 
performed  independently,  in  sequence,  and  that 
there  will  be  no  traffic  problems  if  more  than  one 
clamp  truck  is  used  in  each  operation. 

The  breakout  and  shipping  operations  for  com- 
pressed bales  (fig.  9)  are  more  complex  and  re- 
quire more  handling  operations  and  equipment 
than  the  receiving  operation,  because  bales  have 
to  be  broken  out  individually. 

Breakout  includes :  (1)  Starting  at  the  compart- 
ment wall  and  working  toward  the  main  aisle, 
bales  are  broken  out  of  storage  stacks  by  a  machine 
equipped   with    an   extractor;    (2)    bales  to   be 


STACKING     OPERATION 


TRANSPORT     COMPRESSED     BALES 
FROM   PRESS    TO   STORAGE    STACKS 


RETURN    TO  STACK    TO    BREAKOUT 
NEXT    DESIREO    BALE 


SET     DOWN     SALE     IN    TEMPORARY     BLOCK 
IN    CROSS    AISLE     AND     RETURN    TO 
STACK     FOR    NEXT    DESIRED    BALE 


SET    BALES    DOWN   IN   SHIPPING    BLOCK- 
PICKUP    BALES    IN    SHIPPING    BLOCK  - 


RETURN    EMPTY    TO    SHIPPING 
BLOCK    FOR    NEXT     LOAD 


LOAD    BALES    IN  RAIL    CAR 
MOVE   BALES    TO  RAIL    CAR 


U.S.  DEPARTMENT  OF  AGRICULTURE 


NEG.  227-62(9)    AGRICULTURAL  MARKETING  SERVICE 


Figuke  9. — Flow  chart  of  bale-handling  operations  In  a  storage  compartment. 
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shipped  are  set  on  head  in  the  cross  aisle;  (3) 
bales  in  the  cross  aisle  are  picked  up  by  a  two- 
bale  clamp  truck ;  and  (4)  bales  are  transported  to 
the  main  aisle  and  set  down  in  a  temporary  block. 
The  clamp  truck  then  returns  to  the  cross  aisle 
for  the  next  load  of  bales. 

Shipping  includes  (fig.  9)  :  (1)  Bales  in  tempo- 
rary blocks  in  the  main  aisle  are  picked  up  by  a 
four-bale  clamp  truck  and  transported  to  a 
shipping  block  on  the  rail  platform  and  set  down ; 
(2)  bales  are  picked  up  by  two-  or  three-bale  clamp 
trucks;  and  (3)  bales  are  transported  about  50  feet 
and  loaded  into  a  rail  car  or  onto  a  road  truck. 

Usually,  compressed  bales  are  moved  from  the 
compress  to  a  storage  area  and  the  stacking, 
breaking-out,  and  loading-out  operations  seldom 


occur  simultaneously  in  the  same  storage  compart 
ment.  However,  transporting  bales  to  thi 
shipping  block  on  the  rail  platform  and  loading 
out  can  occur  simultaneously. 

Layout  of  a  Storage  Compartment  for 
Flat  Bales 

Layouts  and  flow  charts  for  a  storage  compart 
ment  for  flat  bales  of  cotton  are  shown  and  dis- 
cussed in  "Designing  a  Public  Warehouse  foi 
Storing  Flat  Bales  of  Cotton"  (11,  pp.  18-20) 
However,  bales  to  be  shipped  are  broken  out  anc 
transported  to  the  compress  room  for  pressing 
before  shipping.  After  flat  bales  are  compressed, 
they  are  moved  from  the  buck  bar  directly  into 
the  rail  car  or  to  the  road  truck  loading  area: 


Modification  of  Existing  Compress  Compartments 


In  most  compresses  and  warehouses,  modern 
handling  equipment  and  methods  have  been  in- 
troduced. However,  in  the  compressing  compart- 
ments of  many  warehouses,  manual  handtruck 
methods  and  small  industrial  lift  trucks  were  still 
being  used  in  1961  for  performing  the  many  han- 
dling operations  around  the  compress.  In  many 
cases,  the  expense  of  making  extensive  altera- 
tions— relocating  the  press,  boiler  room,  and  rail- 
road tracks — has  discouraged  warehousemen  from 
making  facility  changes. 

How,  then,  can  a  warehouseman  go  about  the 
task  of  improving  his  compress  compartment  to 
make  more  efficient  use  of  space,  modern  operating 
methods,  and  handling  equipment  ?  One  solution 
is  to  modify  the  compress  compartment  as  follows : 
(1)  Make  a  new  layout,  relocating  the  dinky  press, 
band-making  area,  and  doors,  and  providing  for 
better  utilization  of  space  for  temporary  pressing 
blocks  and  aisles;  (2)  if  necessary,  rebuild  or 
reinforce  the  floors  and  platforms  to  bear  the 
loads  of  heavier  handling  equipment  needed  to  fit 
the  new  layout ;  (3)  use  the  most  efficient  handling 
equipment  for  the  size  of  the  compressing  opera- 
tion; and  (4)  develop  a  better  flow  of  bales  to 
storage  blocks,  and  to  and  from  the  compress. 

Layout  for  Modified  Compress 
Compartments 

Retaining  the  compress  boiler  room  and  rail 
tracks  in  their  present  location,  and  relocating  the 
dinky  press,  band-making  area,  and  doors  into 
and  out  of  the  compartment  can  often  be  done  at 
a  moderate  cost.  Usually  the  dinky  press  can  be 
relocated  with  little  trouble  and  expense. 

Handling  bale  bands,  cutting  them  to  the  right 
length,  splicing,  attaching  buckles,  storing  surplus 
bands,  and  moving  bands  to  the  compress  has  long 
been  a  headache  to  many  a  warehouseman.    By 
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relocating  the  dinky  press,  it  is  often  possible  to 
make  bale-tie  handling  more  convenient. 

Doors  opening  onto  the  rail  platform  can 
usually  be  moved  or  enlarged  for  better  traffic 
movement  to  and  from  the  buck  bar  at  the  com- 
press. Also,  doors  on  the  opposite  side  of  the 
compartment  can  usually  be  moved  or  enlarged  so 
that  they  open  onto  aisles  and  not  onto  blocks  of 
bales  in  temporary  storage.  Relocated  doors 
often  permit  better  utilization  of  floor  space  be- 
tween the  compartment  walls  and  aisles  for  tem- 
porary blocks  or  bales  to  be  pressed.5 

Handling  Operations 

In  the  rebuilt  or  reinforced  compressing  com- 
partment previously  described,  a  warehouseman 
can  utilize  an  automatic  dinky  press  feeder  and 
clamp  trucks  efficiently,  and  the  flow  of  bales  is 
such  that  most  of  the  traffic  confusion  is  elim- 
inated. Rebuilt  or  reinforced  floors  in  the  com- 
pressing compartment  should  be  strong  enough  to 
support  the  movement  of  two-,  three-,  four-,  or 
six-bale  clamp  trucks.  Also,  modern  band-making 
equipment,  stored  bands,  and  an  automatic  dinky 
press  feeder  require  sturdy  floors. 

Bales   Compressed    on    Receipt  at  Warehouse 

Handling  equipment  in  a  compress  compart- 
ment is  geared  to  the  production  rate  of  the  com- 
press. In  most  modified  compresses,  where  flat 
bales  will  be  pressed  to  standard  density  upon 
receipt,  one  three-bale  clamp  truck  is  adequate  to 
move  bales  from  the  receiving  area  into  the  com- 
press compartment.  Also,  the  same  clamp  truck 
can  place  flat  bales  in  numerical  sequence  in  blocks 
according  to  warehouse  tag  numbers,  or  into  pre- 

s  The  number  of  bales  making  up  one  shipping  order  is 
called  a  block.  These  blocks  usually  consist  of  around 
100  bales  and  are  also  placed  in  these  blocks  for  checking 
purposes,  and  to  be  sure  that  all  the  bales  called  for  on 
a  shipping  order  are  compressed. 


ft  "specified  temporary  blocks.    A  second  three- bale 

■"fclamp  truck  can  be  used  to  move  flat  bales  from 

temporary  blocks  in  the  compress  room  to  the 

mtomatic  dinky  press  feeder.    After  the  bales  are 

Compressed  to  standard  density,  they  are  removed 

from  the  press  by  a  jib  crane  and  moved  to  a  buck 

bar.    A  four-bale  clamp  truck  can  transport  bales 

from  the  buck  bar  to  the  storage  areas  and  set 

'  ;hem  down  in  a  temporary  block  about  50  feet 

Vrom  the  cordwood  storage  stacks. 

Bale  bands  are  removed  from  the  flat  bales  at 
jthe  dinky  press  and  moved  to  the  band-making 
area.  Newly  completed  bale  bands  are  placed  in 
la,  carrier,  which  is  moved  to  a  position  close  to  the 
tiers  of  bands  working  at  the  compress. 

Bales   Compressed   on    Receipt  of  Shipping   Orders 

Handling  operations  around  the  compress  are 
much  the  same  when  bales  are  compressed  on  ship- 
ping order  as  when  they  are  compressed  upon 
receipt.  Usually  four-  or  six-bale  clamp  trucks 
are  used  to  transport  flat  bales  from  the  storage 
areas  to  a  pressing  block  in  the  compress  compart- 
ment. Also,  a  two-  or  three-bale  clamp  truck 
moves  bales  from  the  buck  bar  directly  into  a 
boxcar  or  to  a  loading-out  area  for  road  trucks. 

Flow  of  Bales  Into  and  Out  of  a 
Compressing  Compartment 

The  flow  charts  in  figures  10  and  11  represent 
the  movement  of  bales  into  and  out  of  modified 
compressing  compartments.  The  compress  ma- 
chinery in  figure  10  is  located  at  right  angles  to 
the  shipping  platform.  In  figure  11,  the  compress 
is  located  parallel  to  the  shipping  platform.  Also, 
the  charts  show  the  movement  of  bale  bands  from 
the  dinky  press  to  the  press  and  from  the  dinky 
press  to  the  band-storage  area.  For  an  effective 
flow  pattern,  movement  of  bales  to  the  dinky  press 
and  to  the  compress,  and  the  band-making  opera- 
tions should  be  concurrent. 


Bales  are  moved  from  the  storage  area  or  re- 
ceiving area  (A)  to  a  temporary  pressing  block 
(B)  by  three-  or  four-bale  clamp  trucks  (figs.  10 
and  11).  Bales  are  then  moved  (C)  by  three-bale 
clamp  truck  to  the  automatic  dinky  press  feeder 
(D),  and  then  moved  to  the  dinky  press  (D-D) 
by  conveyor,  where  the  bale  bands  are  removed. 
Bales  are  moved  from  the  dinky  press  (D-D)  to 
the  compress  (E)  and  pressed  to  either  standard 
or  high  density.  After  the  pressing  operation, 
the  compressed  bales  are  removed  from  the  press 
(E)  and  moved  to  the  buck  bar  (F)  by  a  jib  crane, 
and  set  on  head  ready  for  clamp  trucks  to  pick  up. 
Two-,  three-,  or  four-bale  clamp  trucks  pick  up 
bales  from  the  buck  bar  (F)  and  move  them  to 
storage  compartments  or  to  rail  cars  or  road  trucks 
(G). 

Bands  are  removed  from  the  bale  while  it  is  in 
the  dinky  press  (D-D)  and  then  are  moved  to  the 
band-straightening  machine  (H) .  Buckles  are  re- 
moved and  the  bands  cut  to  the  prescribed  length 
on  the  table  (I).  Bands  are  then  moved  to  the 
table  (J)  where  new  buckles  are  attached  and  the 
assembled  band  is  placed  in  a  band  carrier  (K). 
Loaded  band  carriers  (K)  are  moved  to  the  tem- 
porary storage  area  (L)  and  are  moved  to  either 
side  of  the  press  (M)  when  needed. 

Scrap  ends  from  cut  bands  at  the  table  (I)  are 
moved  to  the  table  (N)  for  temporary  storage. 
These  scrap  ends  are  then  spliced  by  the  machine 
(O).  Spliced  bands  are  moved  to  the  table  (P), 
where  they  are  cut  to  prescribed  length,  buckles 
are  attached,  and  the  bands  tied  into  bundles. 
Bundles  of  tied  bands  are  moved  from  the  table 
(P)  and  placed  in  the  storage  stacks  (S)  for  later 


use. 


The  flow  charts  show  the  movement  of  bales  and 
bale  bands  when  the  compress  is  located  in  either 
of  two  positions.  These  movements  can  be  per- 
formed in  sequence  with  a  minimum  of  cross 
movement. 


Warehouse  Layouts  for  Compressed  Bales 


The  layouts  presented  here  for  a  public  cotton 
warehouse  suggest  the  location  of  storage  compress 
compartments,  platforms,  receiving  area,  rail  sid- 
ing, water  tanks,  offices,  garage  and  machine  shop, 
boiler  room,  pressing  machines,  band-making 
equipment,  firewalls,  roads,  fences,  parking  areas, 
and  provision  for  expansion. 

Connected  Compartments  of  Pole-Type 
Construction 

The  pole-type  construction  warehouse  (fig.  12) 
is  composed  of  six  storage  compartments  and  one 
compress  compartment.  Each  compartment  is  135 
feet  long  by  224  feet  wide,  and  provides  about 
30,240  square  feet  of  floor  area,  a  total  for  the  six 


compartments  of  181,440  square  feet  for  storage 
and  aisle  space. 

In  each  storage  compartment,  there  are  16  sec- 
tions, each  28  feet  wide  by  58  feet  long  and  occupy- 
ing 1,624  square  feet  of  floor  space.6  The  main 
aisle  in  each  storage  compartment  is  17  feet  wide 
by  224  feet  long  and  occupies  3,808  square  feet,  or 
about  13  percent  of  the  total  floor  area.  Tempo- 
rary blocks  for  bales  to  be  placed  in  storage,  and 
segregated  blocks  for  bales  to  be  shipped,  can  be 
placed  in  the  main  aisle.  Also,  reweighing,  re- 
sampling, and  clamp-truck  operations  can  be 
performed  there. 

6  A  section  is  that  area  located  between  two  rows  of 
columns  and  extending  from  the  main  aisle  to  the  ware- 
house wall. 
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FLOW  CHART  FOR  MODIFIED  COMPRESS  COMPARTMENT  NO.  1 

FLOW  OF  BALES 

(   a)    Transporting    flat    sales    from    the    rece  iving    or 
storage    areas    to    pressing    block    (8) 

(B)  Temporary  pressing  block 

(C)  Transporting  bales  to  the  automatic  dinky  press 
feeoer  (D) 

(D)  Automatic  dinky  press  feeoer 

(D-D)  Dinky  press  -  remove  bale  bands 

(  e)  Bales  move  from  dinky  press  (D-D)  to  main  press  (E) 
where  bales  are  compressed  to  standard  or  high 

DENS  ITY 

(F)  Compressed  bales  moved  by  jib  crane  from  compress  (E) 

TO  BUCK  BAR   (F) 

(g)  Compressed  bales  moved  from  buck  bar  (F)  to  storage 
or  shipping  areas 

FLOW  OF  BALE  BANDS 

(H)  Banos  removed  from  bales  at  dinky  press  (D-D)  are 
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Figure  10— Flow  chart  of  bale-handling  operations  in  a  modified  compress  compartment. 
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Each  section  has  two  cross  aisles  extending  from 
the  main  aisle  to  the  compartment  wall.  Each 
cross  aisle  is  4  feet,  6  inches  wide  by  58  feet  long 
and  occupies  261  square  feet  of  floor  area.  There 
are  8,352  square  feet  of  cross  aisle  area,  or  about 
27  percent  of  the  total  floor  area.  Cross  aisles  are 
used  as  work  areas  for  placing  bales  in  storage 
stacks,  for  machines  breaking  out  bales,  as  a  traf- 
fic way  to  the  main  aisle,  and  to  tighten  up  rows  of 
bales  to  gain  storage  space. 

Machines  can  be  used  in  cross  aisles  4  to  41/2  feet 
wide,  but  some  insurance  rating  bureaus  require 
cross  aisles  to  be  5  feet  wide  to  avoid  an  insurance 
penalty.  When  changes  are  made  in  the  4%-foot 
aisles  specified  in  the  layouts  in  this  report,  corre- 
sponding changes  should  be  made  in  the  column 
spacing,  which  may  also  involve  changes  in  the 
roof  framing.  Warehousemen  should  check  into 
requirements  of  their  State  rating  bureaus  and 
various  insurance  companies  before  deciding  on 
aisle  widths. 

Each  of  the  6  storage  compartments  in  figure  12 
provides  for  storage  of  7,500  compressed  bales, 
using  18,255  square  feet  of  floor,  or  about  60  per- 
cent of  the  total  floor  area.  Columns  are  spaced  on 
centers  28  feet  by  19  feet  4  inches  apart,  and  are 


located  between  two  rows  of  stored  bales  so  that 
they  will  be  protected  from  machines  and  will  re- 
ceive a  minimum  of  damage.  This  column  spacing 
provides  space  for  efficient  machine  operations  for 
storing  bales  in  five-high  cordwood  stacks,  break- 
ing out  bales  for  shipment,  and  moving  bales  to  the 
main  aisle.  No  columns  are  located  in  cross  aisles 
or  exposed  to  machine  damage  in  the  main  aisle. 

Usually  the  compressing  machinery  and  boiler 
room  are  located  in  the  center  compartment  in 
warehouses  of  the  older  type.  In  a  newly  con- 
structed warehouse,  the  compress  machinery,  boiler 
room,  and  receiving  area  would  be  located  in  the 
compartment  nearest  the  office.  However,  when  a 
warehouse  is  modified  the  compress  machinery  and 
boiler  room  probably  will  remain  in  the  old  loca- 
tion. Layouts  for  modified  compressing  compart- 
ments are  shown  in  figures  10  and  11. 

Layouts  for  a  new  compressing  compartment, 
when  located  in  the  end  compartment,  are  similar 
to  the  one  in  a  modified  layout  (figs.  13  and  14). 
Differences  are  mostly  in  location  of  the  press  and 
boiler  room.  Pressing  machinery  and  band-mak- 
ing equipment  in  a  new  compressing  compartment 
are  located  in  that  part  of  the  compartment  close 
to  the  road  truck  area. 


TEMPORARY     COMPRESS    BLOCK 
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Figure  13.— Flow  chart  of  bales  in  a  "new"  compress  compartment. 
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Figure  14. — Flow  charts  of  bands  in  a  "new"  compress  compartment. 


The  compressing  compartment  in  figure  12  has 
the  same  column  spacing,  storage  sections,  and 
square  feet  of  floor  area  as  a  storage  compartment. 
However,  flat  bales  are  stored  in  pressing  blocks 
in  the  storage  sections  that  are  separated  by  an 
aisle  2  feet  wide.  There  are  no  cross  aisles. 
There  is  one  main  aisle,  17  feet  wide  by  224  feet 
long,  used  as  a  traffic  lane  to  move  bales  from  the 
receiving  area  to  the  pressing  blocks,  and  from 
the  press  to  the  storage  area.  Also,  the  doors  and 
aisles  opening  onto  the  shipping  platform  provide 
for  moving  bands  to  rail  cars  for  shipment  to 
gins  and  other  warehouses. 

The  receiving  area  is  at  ground  level  for  unload- 
ing of  road  trucks  in  front  of  the  compress  com- 
partment. A  sunken  platform  well  for  unloading 
or  loading  trucks  with  sideboards  is  at  the  end  of 
the  row  of  connected  compartments.  The  asphalt 
paved  road  area  in  front  of  the  compress  compart- 
ment, usually  from  30  to  50  feet  from  the  door, 
is  used  for  receiving  bales  from  road  trucks.  Un- 
loading, weighing,  and  sampling  operations  can 
be  performed  outside  the  compress  compartment, 


leaving  more  room  for  temporary  pressing  blocks 
inside  the  compartment.  Maximum  travel  dis- 
tance of  150  feet  for  the  receiving  operation  per- 
mits use  of  the  minimum  number  of  clamp  trucks. 

Compressed  bales  are  stacked  in  five-high  cord- 
wood  stacks,  two  bales  wide,  from  the  compart- 
ment wall  to  the  main  aisle.  Aisles  can  be  marked 
to  designate  definite  space  for  the  storage  rows. 
This  storage  pattern  permits  efficient  use  of  ma- 
chines for  moving  bales,  stacking  and  breakout 
operations,  tag  inspection,  and  checking  for  inven- 
tory purposes. 

Platforms  are  located  on  two  sides  of  this  ware- 
house. The  railshipping  platform  is  28  feet  wide 
by  948  feet  long  and  the  platform  on  the  other 
side  20  feet  wide  by  948  feet  long.  All  platforms 
are  covered  and  can  be  used  in  inclement  weather 
as  traffic  lanes.  Traffic  interference  and  crew  in- 
terference are  reduced  to  a  minimum.  Rail  cars 
can  be  loaded  from  a  platform  level  with  the  car 
floor.  The  truck  platform  is  covered  in  front  of 
the  compartments.     Road  trucks  can  be  loaded 
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from  ground  level  or  from  the  truckbed-level  plat- 
form at  the  platform  well. 

Provisions  are  made  for  a  paved  area  120  feet 
wide  (including  an  unpaved  median  strip)  for 
road  truck  traffic.  A  median  strip  10  feet  wide 
runs  the  length  of  the  paved  strip,  dividing  the 
paved  area  into  two  55-foot-wide  roadways. 
This  aids  in  minimizing  traffic  congestion  and 
interference. 

Sufficient  expansion  area  is  provided  for  increas- 
ing the  storage  capacity  over  100  percent. 

Flow   Pattern 

The  flow  chart  in  figure  15  shows  the  major 
facilities  and  activities,  and  recommended  se- 
quence of  operations  for  this  warehouse.    It  is 


assumed  that  the  old  compartments  will  be  re- 
placed with  new  ones,  and  that  the  compress 
machinery  and  boiler  room  will  not  be  relocated. 
In  the  receiving  operations,  road  trucks  enter 
the  warehouse  site  and  move  to  the  receiving  area 
outside  the  compress  compartment,  in  operation 
(A).  Unloading  road  trucks  alongside  the  com- 
press compartment  when  bales  are  to  be  com- 
pressed as  they  are  received  saves  the  time  and 
expense  of  transporting  bales  from  distant  unload- 
ing areas.  There  is  sufficient  room  for  clamp 
trucks  to  do  the  unloading,  and  for  bales  to  be 
weighed  and  sampled  (11,  p.  30,  table  10).  Bales 
can  then  be  moved  into  the  compress  compartment 
and  set  down  in  temporary  pressing  blocks  by 
three-  or  four-bale  clamp  trucks,  in  operation  (B) . 


FLOW    CHART   OF   BALE   HANDLING    OPERATIONS  IN  A   WAREHOUSE 
WITH   ONE  ROW  OF   CONNECTED    COMPARTMENTS 


1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 !  1 1  M  1 1 1 1 1 1 1 1 1 1 1 


SHIPPING     AREA 

llllllllllll 


illinium 


COVERED    RAIL'v/*' 
PLATFORM 

LOADING  a  UNLOADING 
WELL  FOR  ROAD 
TRUCKS 


FUTURE    COMPARTMENTS 


I 


KEY 


9     BALES    RECEIVED    ON   ROAD    TRUCKS 

Q     ROUTE    OF    EMPTY    ROAD-  TRUCKS 

$    FLOW   OF  FLAT   BALES    TO    COMPRESS 

®    FLOW    OF    COMPRESSED    BALES 
TO    STORAGE 

©    FLOW    OF    COMPRESSED     BALES     FROM 
STORAGE     TO    SHIPPING    AREA 


(S)      UNLOAD,   WEIGH,    AND    SAMPLE     FLAT    BALES 

(D      FLAT    BALES  PLACED    IN   TEMPORARY 
PRESSING    BLOCKS 

(g)      FLAT    BALES    COMPRESSED    TO 
w      STANDARD     DENSITY 

3p     COMPRESSED     BALES     STORED  IN    5-HIGH 
CORDWOOD   STACKS 

(D      BREAKOUT    BALES    FOR    SHIPPING 
(?)      LOAD    BALES    INTO    RAIL    CARS 


U.S.  DEPARTMENT  OF  AGRICULTURE 


Figuhe  15 


NEG.233-62(9)    AGRICULTURAL  MARKETING  SERVICE 


20 


Bales  are  moved  from  the  temporary  pressing 
block  to  the  automatic  dinky  press  feeder  by  a 
three-bale  clamp  truck  and  then  by  conveyor  to  the 
dinky  press,  where  the  bale  bands  are  removed. 
The  bales  are  then  moved  to  the  compress,  where 
they  are  pressed  to  standard  density,  in  operation 
(C).  Pressed  bales  are  removed  from  the  com- 
press and  moved  by  three-  or  four-bale  clamp 
trucks  to  storage  compartments  and  then  stored  in 
five-high  cordwood  stacks  by  two-  or  three-bale 
clamp  trucks,  in  operation  (D).  Bales  to  be 
shipped  are  removed  from  the  storage  stacks  by  an 
extractor,  in  operation  (E),  and  then  transported 
to  a  rail  car  and  placed  inside  the  car,  in  operation 
(F).  This  flow  pattern  of  bales  to  the  compress, 
storage  area,  and  shipping  area  results  in  a  mini- 
mum of  interference  with  other  operations. 
Trucks  with  sideboards  can  be  unloaded  or  loaded 
at  the  platform  well;  after  weighing  and  sam- 
pling, bales  can  be  transported  to  the  compress 
compartment  by  three-  or  four-bale  clamp  trucks. 

Unloading  road  trucks  outside  the  compress 
compartment  provides  an  average  transporting 
distance  of  160  feet  from  the  receiving  area  to  the 
pressing  block.  Clamp  trucks  move  bales  an  aver- 
age distance  of  120  feet  to  the  automatic  dinky 
press  feeder.  The  average  transport  distance  from 
the  compress  to  the  storage  area  is  420  feet. 
Clamp  trucks  move  bales  an  average  distance  of 
400  feet  to  the  rail  shipping  area,  and  600  feet  to 
the  platform  well  for  shipping  bales  by  road  truck. 

A  warehouseman  constructing  a  new  warehouse 
and  compress,  and  planning  to  press  bales  as  they 
are  received,  should  consider  locating  his  compress 
machinery  and  boiler  room  in  the  end  compart- 
ment nearest  the  site  entrance.  This  restricts  road 
truck  traffic  to  one  area,  the  end  of  the  warehouse 
nearest  the  office,  and  there  is  little,  if  any,  clamp- 
truck  interference.  Also,  the  roadway  on  one  side 
of  the  warehouse  can  be  20  feet  wide  and  still  be 
wide  enough  for  clamp-truck  traffic.  Compress 
machinery  should  be  located  on  the  side  of  the  com- 
partment nearest  the  road,  for  easy  access  by  clamp 
trucks  transporting  bales  to  storage  areas.  Con- 
centration of  the  compress  and  receiving  crew  in 
front  of  the  warehouse  near  the  office  enables  man- 
agement to  maintain  better  supervision,  and  keep 
the  majority  of  the  workers  in  one  location. 

Warehouse   of   Pole-Type   Construction 

The  warehouse  illustrated  in  figure  12  has  com- 
partments of  pole-type  construction.  These  com- 
partments are  somewhat  similar  to  compartment 
design  A  in  "Designing  a  Public  Warehouse  for 
Storing  Flat  Bales  of  Cotton"  (11,  p.  18). 

Roof. — The  roof  has  gable  roof  sections  with 
28-gage,  corrugated  steel  roofing  supported  by  2- 
by  10-inch  purlins  spaced  2  feet,  8  inches  apart. 
To  insure  weather  tightness,  a  minimum  roof  slope 
of  3  inches  in  12  inches  is  recommended.  This  type 
of  roof  construction  is  sufficiently  weather  tight 
for  most  areas  of  the  Cotton  Belt.    Where  severe 


rainstorms  occur,  warehouses  should  have  steeper 
roof  slopes  or  the  roof  joints  should  be  sealed  with 
extruded  mastic  beads. 

Walls. — The  walls  are  constructed  of  2-  by  6- 
inch  studding  covered  with  29-gage  corrugated 
steel  sheets.  Firewalls  of  lightweight  aggregate 
concrete  masonry  units  are  used  to  separate  the 
compartments  (see  section  on  firewalls,  page  8). 

Structural  framing. — The  2-  by  10-inch  roof 
purlins  are  supported  by  6-  by  20-inch  girders 
which  span  the  28-foot  bay.  Sawed  lumber  this 
large  and  this  long  may  be  unavailable  or  uneco- 
nomical in  some  areas.  In  this  case,  wood  trusses 
or  plywood  box  beams  may  be  used.  A  suggested 
design  for  a  plywood  box  beam  is  shown  in  figure 
12. 

The  roof  girders  are  supported  by  pressure- 
treated  wood  poles.  It  is  important  that  the  poles 
be  thoroughly  dry  to  prevent  staining  of  the  cotton 
bales  by  the  preservative.  The  poles  must  be 
deeply  buried  in  the  ground  (at  least  6  feet)  to 
prevent  them  from  being  pulled  up  by  the  uplift 
of  the  wind  on  the  building. 

Floors. — The  floors  consist  of  a  well-graded  and 
well-compacted  gravel  base  with  a  hot-mix  bitumi- 
nous concrete  surface,  iy2  inches  thick.  The  main 
aisles  and  platform  area,  which  are  subject  to 
heavy  traffic,  should  have  paving  3  inches  thick. 
The  floor  should  have  a  slight  slope  toward  the 
center  aisle. 

Plastic  translucent  panels. — Corrugated  glass 
fiber  panels  are  provided  in  the  roof  to  give  nat- 
ural daylighting. 

Doors. — Overhead  wood  sectional  doors,  14- 
by  14- feet,  are  used. 

Fire  protection. — The  warehouse  is  protected 
by  an  automatic  sprinkler  system  and  an  independ- 
ent standpipe  system  (7).  Spray-type  sprinkler 
heads  are  used,  and  for  warehouses  of  this  type  of 
construction  a  maximum  coverage  of  90  square  feet 
per  sprinkler  head  usually  is  required.  Five  stand- 
pipes  with  hose  racks  are  recommended  for  each 
compartment. 

Drainage. — Leaders  from  the  roof  valleys  carry 
runoff  water  to  buried  drainage  lines  beneath  the 
floor  (fig.  12).  The  buried  pipe  must  be  strong 
enough  and  properly  laid  to  resist  the  heavy  loads 
of  industrial  trucks  used  on  the  warehouse  floor. 

Lighting. — Spotlights  are  provided  in  each 
cross  aisle  to  provide  low-cost,  high-density  light 
in  the  aisles.  This  type  of  lighting  is  not  satis- 
factory where  the  spacing  of  aisles  is  changed  from 
time  to  time. 

Outside  work. — This  includes  more  than  1,000 
feet  of  rail  siding  and  about  18,000  square  yards 
of  bituminous  paving.  Also,  a  "fire-loop"  with 
hydrants,  hose  houses,  and  post  indicator  valves 
is  required  around  the  warehouse. 

Construction   Costs 

The  estimated  total  constuction  cost  for  this 
warehouse  was  $770,000  at  1960  prices.    This  in- 
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eludes  costs  for  roadways,  outside  fire  protection, 
rail  siding,  lighting,  sprinkler  systems,  platforms, 
floors,  excavations,  and  other  necessary  work.  No 
cost  was  included  for  an  office,  maintenance  shop, 
orcompressing  machinery.  The  total  construction 
cost  is  equivalent  to  $2.95  per  square  foot  of  floor 
area  if  platform  area  is  included,  or  $3.60  per 
square  foot  if  the  platform  area  is  excluded.  It 
is  assumed  that  the  site  is  relatively  level,  that  the 
soil  is  favorable,  and  that  work  will  be  done  under 
contract.  The  breakdown  given  below  shows  the 
estimated  cost  of  the  various  construction  items 
for  the  design  shown  in  figure  12. 

Item  Cost 
Outside  work   (roadways,  rail  siding,  fire  loop, 

gradings,  etc.) $164,800 

Fire  protection    (sprinkler  system,   standpipes, 

etc.)    H9.000 

Roof  construction 91, 100 

Floor  construction 71,  600 

Firewalls 63. 100 

Structural  framing 60,  600 

Exterior  walls 17,  300 

Roof  drainage  lines 8,  900 

Doors  and  light  panels 7,  900 

Lighting  and  electrical 12,  000 

Total 616,300 

25  percent  overhead  and  profit 154, 100 

Grand  total 770,  400 

Cost  per  square  foot  «77n  nnn  i 

(platform  area  included)  =    'a'""  a  v  =   $2.95 
261,250  o.r  . 

Cost  per  square  foot  77n  nnn 

(platform  area  excluded)  =    "u,uuu  „  „=   $3.60 
y  214,000  S.F. 

Cost  per  bale  =   770'000  =$17.11 

^  45,000 2 

1  Estimated  construction  cost  rounded  to  nearest  $1,000. 

2  Storage  capacity  in  bales. 

The  warehouseman  may  find  considerable  varia- 
tion between  his  actual  building  cost  and  the 
estimated  cost  given  here,  because  of  inherent  diffi- 
culties in  making  a  precise  cost  estimate  and  be- 
cause of  conditions  existing  when  and  where  the 
compartment  is  built.  The  actual  construction 
cost  is  affected  by  site  conditions,  business  condi- 
tions, and  geographical  location.  Caution  should 
be  used  when  considering  the  individual  items  in 
these  cost  estimates,  as  some  may  be  high  while 
others  may  be  low.  Also,  a  percentage  of  the 
contractor's  total  overhead  and  profit  should  be 
added  to  the  cost  of  each  individual  item.  How- 
ever, estimates  given  in  the  tabulation  should  pro- 
vide an  approximate  construction  cost  as  well  as 
a  basis  for  comparing  the  different  designs  pre- 
sented in  this  report. 

Annual   Facility   Costs 

The  estimated  annual  facility  costs  for  the  pole- 
frame  warehouse  are  shown  in  table  1.     Based 


on  an  initial  construction  cost  of  $770,000,  the 
total  annual  cost — including  depreciation,  interest, 
maintenance,  repairs,  taxes,  and  insurance — is  esti- 
mated at  $72,000.  As  shown  in  table  1,  the  esti- 
mated depreciation  is  a  large  part  of  the  total 
annual  facility  cost,  and  the  useful  life  assumed 
can  greatly  affect  this  total  cost.  We  have  as- 
sumed a  useful  life  of  25  years. 

Table  1. — Estimated  annual  facility  costs  for  a 
warehouse  of  pole-type  construction x 


Item 

Assumed 
rates 

Annual 
costs 

Depreciation  2 

Percent 
4.0 
6.0 
1.0 
1.0 
.32 

Dollars 
30,  800 

Interest  3 

23,  100 

Taxes 

7,  700 

Maintenance  and  repairs 

7,  700 

Insurance  4  --  _ 

2,  464 

Total  annual  facility  cost 

71,  764 

1  Estimated  initial  construction  cost  of  $770,000. 

2  Based  on  an  estimated  useful  life  of  25  years.  This 
useful  life  is  based  mainly  on  physical  factors  such  as  type 
and  quality  of  construction;  for  accounting  purposes,  in 
making  construction  loans,  and  in  business  planning,  a 
shorter  useful  life  is  often  used. 

3  Based  on  the  average  value  of  the  building. 

4  Insurance  rate  of  0.32  percent  is  an  average  of  rates 
furnished  by  rating  bureaus  of  Texas,  Mississippi,  and 
Georgia. 

Annuel  Insurance  Cost  on  Stored  Cotton 

For  the  pole-type  warehouse,  the  insurance  rate 
for  the  stored  cotton  is  assumed  to  be  $0.33  per 
year  per  $100  valuation  of  the  cotton.  This  rate 
is  an  average  of  the  estimated  rates  furnished  by 
the  insurance  rating  bureaus  of  Texas,  Mississippi, 
and  Georgia  for  1960.  Using  this  rate  and  assum- 
ing that  45,000  bales,  valued  at  $150  per  bale,  are 
stored  for  6  months,  the  annual  insurance  cost  for 
the  stored  cotton  would  be  $11,137. 

In  actual  practice,  the  warehouseman  will  find 
considerable  variation  in  .this  rate,  since  the  insur- 
ance rates  depend  upon  the  water  supply,  the  type 
of  watchman  service,  the  local  fire  protection,  and 
other  factors. 

Connected  Compartments  of  Prefabricated 
Steel  Construction 

The  prefabricated  steel  warehouse  is  composed 
of  one  row  of  seven  connected  compartments,  with 
the  compressing  done  in  the  center  compartment 
(fig.  16).  Each  compartment  is  210  feet  wide  by 
140  feet  long,  and  provides  29,400  square  feet 
of  floor  area.  The  six  storage  compartments  pro- 
vide a  total  of  176,400  square  feet  of  floor  area. 
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In  each  storage  compartment,  there  are  three 
sections,  each  70  feet  wide  and  62  feet  long,  and 
each  occupying  4,340  square  feet  of  floor  space. 
Each  compartment  has  one  main  aisle  17  feet  wide 
by  210  feet  long,  a  total  of  3,570  square  feet  of 
floor  space,  or  about  12  percent  of  the  total  floor 
area.  The  same  handling  operations  can  be  per- 
formed in  the  main  aisle  as  are  listed  for  the  pole- 
type  compartment,  page  13. 

The  storage  compartments  in  figure  16  provide 
storage  for  a  total  of  45,000  bales.  Compressed 
bales  stored  in  five-high  cordwood  stacks  occupy 
about  60  percent  of  the  total  floor  area.  Columns 
are  spaced  on  70-  by  20- foot  centers  and  are  located 
between  two  rows  of  stacked  bales,  so  they  will  be 
protected  from  machine  damage. 

The  compress  compartment  in  figure  16  has  the 
same  column  spacing,  storage  section,  and  square 
feet  of  floor  area  as  a  storage  compartment.  Bales 
are  handled  as  described  for  the  pole-type  com- 
partment on  page  13;  the  receiving,  storage,  and 
shipping  areas  and  operations  are  the  same,  and 
there  is  sufficient  area  for  100-percent  expansion 
of  storage  compartments. 

The  flow  chart  for  this  warehouse  is  the  same  as 
the  one  for  the  pole-type  warehouse,  page  20. 
Transportation  distances  are  different,  but  the 
methods  and  operations  are  the  same. 

The  warehouse  shown  in  figure  16  is  made  up 
of  compartments  of  prefabricated  steel  construc- 
tion. In  this  type  of  construction,  the  structural 
framing,  siding,  roofing,  and  other  building  com- 
ponents are  factory  cut  and  punched  or  drilled 
for  easy  and  rapid  assembly  at  the  building  site. 
Since  1955,  several  cotton  warehouses  have  been 
built  of  fabricated  steel. 

Roof. — The  gable  roof  is  of  26-gage  galvanized 
steel  sheets.  The  sheets  are  either  corrugated,  or 
have  a  crimped  or  fluted  pattern.  They  have  an 
end  lap  of  at  least  6  inches  and  are  securely  fast- 
ened to  channel  or  Z-shaped  roof  purlins  spaced 
about  4  feet  on  centers.  The  roof  has  a  slope  of 
4  inches  in  12  inches. 

Where  warehouses  are  to  be  located  in  a  corro- 
sive atmosphere,  the  use  of  aluminum  roofing  and 
siding  should  be  considered. 

Walls. — The  walls  are  covered  with  26-gage, 
galvanized  steel  sheets  similar  to  the  roof  sheets. 
The  wall  sheets  are  securely  fastened  to  channel  or 
Z-shaped  wall  girts  spaced  about  4  feet  on  centers. 
Firewalls  of  lightweight  concrete  are  used  to  sepa- 
rate the  compartments. 

Structural  framing. — The  wall  girts  and  roof 
purlins  are  supported  by  steel  rigid  frames — 
primary  structural  members — with  a  span  of  70 
feet.  These  frames  are  welded  and  tapered  "I" 
sections  as  shown  in  figure  16. 

The  use  of  wide-span  steel  ridged  frames  pre- 
sents two  problems  in  the  foundation  design :  (1) 
Each  foundation  must  resist  the  strong  uplift  of 


the  wind  acting  on  a  large  roof  area,  and  (2) 
rigid  frames  impose  large  horizontal  forces  on  the 
foundation,  tending  to  overturn  it.  To  solve  these 
problems,  large,  deep  foundations,  as  shown  in 
"Foundation  Detail,"  figure  16,  are  recommended. 

Floors. — The  floors  are  paved  with  a  hot-mix 
bituminous  concrete  surface,  as  in  the  warehouse 
of  pole-frame  construction.  However,  2-inch 
paving  is  used  instead  of  li^-inch  . 

Plastic  translucent  panels  of  corrugated 
glass  fiber. — Plastic  panels  are  provided  in  the 
roof  to  give  natural  daylighting. 

Doors. — Sliding  steel  doors,  14  feet  wide  by  13 
feet  high,  are  used. 

Fire  protection. — The  warehouse  is  protected 
by  an  automatic  sprinkler  system  and  an  independ- 
ent standpipe  system  similar  to  those  for  the  ware- 
house of  pole-type  construction.  However,  more 
coverage  per  sprinkler  head  is  allowed  for  ware- 
houses of  prefabricated  steel  (usually  100  feet). 

Drainage. — Leaders  from  the  roof  carry  water 
to  buried  drainage  pipe  lines  beneath  the  floor 
(fig.  16). 

Lighting. — A  row  of  industrial,  incandescent 
lighting  fixtures — standard  RLM  dome  units — is 
provided  in  each  cross  aisle.  Each  row  of  fixtures 
is  spaced  14  feet  on  centers  to  match  the  aisle 
spacing  for  compressed  bales.  In  the  row,  the 
fixtures  are  spaced  approximately  20  feet  on  cen- 
ters. Using  200-watt  fixtures,  this  lighting 
system  should  provide  a  lighting  intensity  of  a 
little  more  than  5  foot-candles.  This  is  an  overall 
type  of  lighting  system  which  provides  good  light- 
ing even  if  the  stacking  pattern  for  the  cotton 
bales  is  changed. 

Outside  work. — This  involves  about  1,100  feet 
of  rail  siding,  more  than  18,000  square  yards  of 
paving,  a  "fire  loop,"  land  clearing,  grading  and 
excavation  work. 

Construction   Costs 

The  estimated  total  construction  cost  (as  of 
1960)  for  the  steel  warehouse  is  $1,076,000.  This 
includes  costs  for  roadways,  outside  fire  protection, 
rail  siding,  lighting,  sprinkler  systems,  platforms, 
floors,  and  other  necessary  work.  No  cost  was 
included  for  an  office,  maintenance  shop,  or  com- 
pressing machinery.  The  total  construction  cost 
of  $1,076,000  amounts  to  $4.20  per  square  foot  of 
floor  area  if  platform  areas  are  included,  or  $5.23 
per  square  foot  if  the  platform  area  is  excluded. 
It  is  assumed  that  the  site  is  relatively  level,  that 
the  soil  is  favorable,  and  that  work  will  be  done 
under  contract.  For  a  further  discussion  of  the 
bases  for  these  cost  estimates,  see  the  section  on 
construction  costs  for  the  pole-type  warehouse 
(p.  21).  The  tabulation  that  follows  shows  the 
estimated  costs  of  the  various  construction  items 
for  the  design  shown  in  figure  16. 
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Item  Cost 
Prefabricated  steel  building  (framing,  roofing, 

siding,  doors,  and  light  panel) $350,000 

Outside  work 169-  ^ 

Fire  protection 112>  000 

Concrete  and  masonry  work 102,  000 

Floor   construction 79,  400 

Lighting  and  electrical 40,  000 

Drainage  lines 8,  000 

Total 860,400 

25  percent  overhead  and  profit 215, 100 

Grand  total 1,  075,  500 

Cost  per  square  foot  (platform  area     §^  Q^g  qqq  i 

included)  =      '256,' 200     =$4  2° 

Cost  per  square  foot  (platform  area     jj  Q^g  qqq 

excluded)  =     '205!  800     =$5- 23 

Cost  per  bale  =     '    45' OOO2^23'  91 

1  Estimated  construction  cost  rounded  to  nearest  $1,000. 

2  Storage  capacity  in  bales. 

Annual    Facility  Cost 

The  estimated  annual  facility  costs  for  the  ware- 
house of  prefabricated  steel  construction  are  shown 
in  table  2.  Based  on  an  initial  construction  cost 
of  $1,076,000,  the  total  annual  cost  is  estimated 
at  $84,000.  For  a  further  discussion  of  the  bases 
for  computing  annual  costs,  see  the  section  on  an- 
nual facility  costs  for  the  pole-type  warehouse 
(p.  22). 

Table  2. — Estimated  annual  facility  costs  for  a 
warehouse  of  prefabricated  steel  construc- 
tion 1 


Item 

Assumed 
rate 

Annual 
cost 

Depreciation  2 

Percent 

3.00 

6.  00 

1.00 

.  65 

.  18 

Dollars 
32,  280 

Interest 3 

32,  280 

Taxes 

10,  760 

Maintenance  and  repairs 

6,  994 

Insurance  4 

1,  937 

Total  annual  facility  cost 

84,  251 

1  Based  on  an  estimated  initial  construction  cost  of 
$1,076,000. 

2  Based  on  a  useful  life  of  33^  years.  The  useful  life  is 
based  mainly  on  physical  factors,  such  as  type  and  quality 
of  materials;  for  accounting  purposes,  and  in  making 
construction  loans,  a  shorter  useful  life  is  often  used. 

3  Based  on  an  average  value  of  the  building. 

4  Insurance  rate  of  0.18  is  an  average  of  rates  furnished 
by  the  rating  bureaus  of  Texas,  •  Mississippi,  and  Georgia. 


Annual    Insurance   on   Stored   Cotton 

For  the  prefabricated  steel  warehouse,  the  in- 
surance rate  for  the  stored  cotton  is  assumed  to  be 
$0.34  per  year  per  $100  valuation  of  the  cotton. 


This  rate  is  an  average  of  the  estimated  rates  fur- 
nished by  rating  bureaus  of  Texas,  Mississippi,  and 
Georgia  for  1960.  Computing  the  insurance  cost 
as  described  on  page  22,  the  total  annual  insurance 
cost  for  the  stored  cotton  would  be  $11,475. 

Connected  Compartments  of  Concrete 
Construction 

The  warehouse  shown  in  figure  17  is  composed 
of  one  row  of  three  connected  compartments  and 
a  second  row  of  four  connected  compartments. 
The  compressing  compartment  is  the  fourth  in  the 
second  row,  on  the  end  nearest  to  the  office  and  the 
public  highway.  Each  compartment  is  175  feet 
long  by  168  feet  wide  and  provides  29,400  square 
feet  of  floor.  Six  storage  compartments  provide 
176,400  square  feet  of  storage  and  aisle  space,  and 
the  seventh  provides  29,400  square  feet  for  the 
compress  compartment.  Sidewalls  are  17  feet 
high,  and  there  is  a  14-  by  14-foot  overhead  door 
in  each  of  the  175-foot  walls  and  at  opposite  ends 
of  the  main  aisle. 

In  each  storage  compartment,  there  are  eight 
sections,  each  42  feet  wide  and  79  feet  long,  occupy- 
ing 3,318  square  feet  of  floor  space.  Each  com- 
partment has  a  main  aisle,  17  feet  wide  by  168  feet 
long,  occupying  2,856  square  feet,  or  about  9.6 
percent  of  the  total  floor  area. 

Each  section  has  three  cross  aisles  extending 
from  the  compartment  end  wall  to  the  main  aisle. 
Cross  aisles  are  4  feet,  6  inches  wide  by  79  feet 
long,  each  occupying  355  square  feet  of  floor  area. 
There  are  24  cross  aisles  occupying  8,530  square 
feet  of  floor  space,  or  about  29  percent  of  the  floor 
area.  Cross  aisles  are  used  as  work  areas,  as  de- 
scribed for  the  pole-type  construction  compart- 
ment, page  18. 

Storage  compartments,  as  shown  in  figure  17, 
provide  for  a  storage  capacity  of  45,000  bales. 
Stored  bales  occupy  18,032  square  feet,  or  about  61 
percent  of  the  floor  area.  Columns  are  spaced  42 
feet  by  35  feet  on  centers,  and  are  located  between 
two  rows  of  stored  bales  so  that  the  columns  will 
be  protected  from  machine  damage.  The  column 
spacing  provides  for  efficient  machine  operation 
and  for  storing  and  breaking  out  bales  in  five-high 
cordwood  stacks.  No  columns  are  located  in  cross 
aisles  or  exposed  to  machine  damage  in  the  main 
aisle. 

The  compress  usually  is  located  in  the  end  com- 
partment in  the  row  of  four.  It  is  so  situated  that 
road  trucks  do  not  have  to  move  beyond  the  first 
compartment.  Pressing  machinery  and  band- 
making  equipment  are  in  that  part  of  the  com- 
partment close  to  the  road-truck  traffic  area.  The 
layout  for  the  compress  compartment  is  much  the 
same  as  described  on  page  18.  However,  there  is 
less  interference  in  clamp-truck  movements  from 
the  press  to  storage  areas  than  when  the  compress 
compartment  is  in  the  center  of  the  warehouse. 
Also,  traffic  interference  is  minimized  between  the 
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storing  and  shipping  operations.  Bale  bands  have 
to  be  moved  about  200  feet  to  be  shipped  by  rail  to 
gins  and  other  warehouses,  but  this  usually  is  done 
at  the  start  of  the  harvesting  season. 

Bales  are  received  in  an  area  between  the  rail 
platform  and  the  compress  compartment,  and  most 
of  the  truck  unloading  is  performed  from  ground 
level.  A  sunken  platform  well  is  provided  so  that 
clamp  trucks  can  move  onto  the  truckbed  to  un- 
load and  load.  Asphalt  paving  covers  the  receiv- 
ing area  where  bales  are  unloaded,  weighed,  and 
sampled.  The  maximum  travel  distance  for  the 
receiving  operation  is  150  feet,  permitting  the  use 
of  the  minimum  number  of  three-bale  clamp 
trucks. 

Compressed  bales  are  moved  a  maximum  dis- 
tance of  775  feet  and  a  minimum  of  260  feet,  for 
an  average  distance  of  520  feet  per  trip  to  the 
storage  area.  Markings  can  be  made  on  the  floor  to 
I  designate  aisles  and  storage  rows.  Compressed 
i bales  are  stored  in  five-high  cordwood  stacks,  two 
bales  wide,  extending  from  the  compartment  wall 
to  the  main  aisle.  The  storage  pattern  permits 
efficient  use  of  machines  for  moving,  stacking,  and 
breaking  out  bales,  and  for  tag  inspection  and  in- 
ventory purposes. 

Covered  platforms  are  located  on  two  sides  of 
the  warehouse.  The  rail  platform  is  545  feet  long 
by  28  feet  wide,  and  the  platform  on  the  other  side 
is  700  feet  long  by  20  feet  wide.  Road  trucks 
can  be  loaded  from  ground  level,  or  bales  can  be 
loaded  onto  truckbeds  from  a  sunken  truck  well 
having  a  truckbed-level  platform. 

Sufficient  expansion  area  is  provided  for  dou- 
bling the  storage  capacity. 

A  flow  chart,  figure  18,  shows  the  major  activi- 
ties and  facilities  and  a  recommended  sequence  of 
operations  for  this  warehouse.  This  design  is  for 
a  new  facility  including  a  compress  compartment 
with  new  compress  machinery,  boiler  room,  storage 
compartment,  and  rail  siding.  It  is  assumed  that 
all  bales  will  be  received  on  road  trucks  and  will 
be  compressed  on  receipt. 

In  the  receiving  operations,  road  trucks  enter 
the  warehouse  site  and  move  to  the  receiving  area 
outside  the  compress  compartment,  in  operation 
(A).  Road  trucks  with  sideboards  are  unloaded 
at  the  platform  well  (A-l).  Using  clamp  trucks 
to  unload  bales  reduces  the  time  that  road  trucks 
stay  at  the  warehouse.  The  unloading  court  is 
168  feet  by  175  feet,  providing  ample  space  for 
unloading,  weighing,  and  sampling  operations. 
(11,  p.  30,  table  10).  All  road  trucks  move  in  a 
one-way  traffic  pattern  to  avoid  interfering  with 
each  other.  Either  three-  or  four-bale  clamp 
trucks  move  an  average  distance  of  120  feet 
from  the  receiving  area  to  a  temporary  pressing 
block  inside  the  compress  compartment,  in 
operation  (B). 

A  clamp  truck  moves  bales  about  120  feet  from 
a  pressing  block  to  an  automatic  dinky  press 
feeder,  in  operation  (C).    After  bales  are  com- 


pressed, they  are  moved  an  average  of  520  feet  to 
a  storage  area  by  three-,  four-,  or  six-bale  clamp 
trucks,  and  stored  in  five-high  cordwood  stacks, 
in  operation  (D),  by  two-  or  three-bale  clamp 
trucks.  A  lift  truck  with  an  extractor  attachment 
breaks  out  bales  from  storage  stacks,  in  operation 
(E),  and  then  the  bales  are  moved  to  the  main 
aisle  by  a  two-bale  clamp  truck,  transported  an 
average  of  360  feet  to  the  shipping  area  oy  three-, 
four-  or  six-bale  clamp  trucks  to  be  loaded  onto 
rail  cars  by  two-  or  three-bale  clamp  trucks,  in 
operation  (F) .  If  bales  are  to  be  shipped  by  truck, 
they  are  moved  to  the  platform  well  (A-l).  Here 
two-  or  three-bale  clamp  trucks  carry  the  bales  di- 
rectly onto  the  truckbed. 

Locating  the  compress  compartment  at  the  end 
of  one  row  makes  it  possible  to  have  a  flow  of  bales 
from  receiving  to  shipping  with  little  crew  or 
traffic  interference. 

The  warehouse  illustrated  in  figure  17  consists 
of  concrete  compartments.  Of  the  three  types  of 
warehouse  construction  illustrated  in  this  report, 
this  represents  the  most  permanent  type. 

There  have  been  several  developments  or  im- 
provements in  methods  of  building  with  con- 
crete— precasting,  prestressing,  thin-shell  con- 
struction, use  of  lightweight  aggregates,  and  use 
of  admixtures.  The  concrete  warehouse  design 
(fig.  17)  calls  for  prestressed  roof  decking,  pre- 
cast wall  panels,  and  precast  structural  framing. 
The  type  of  concrete  construction  that  is  most 
desirable  for  a  particular  warehouseman  depends 
upon  local  prices;  precasting,  prestressing,  and 
hauling  and  lifting  equipment  available  in  the 
area ;  and  construction  deadlines  that  must  be  met. 

Roof. — Double  tee  prestressed  concrete  roof 
panels  span  the  35-foot  distance  between  the  main 
structural  roof  beams.  The  roof  panels  are 
covered  with  a  builtup  roof — three  layers  of  roof- 
ing felt,  cemented  together  with  asphalt  or  tar  and 
covered  with  slag  or  other  lightweight  aggregate. 

Walls. — Precast  concrete  panels  6  inches  thick 
are  used  for  the  exterior  walls  of  the  warehouse. 
Precast  panels  8  inches  thick,  constructed  with 
lightweight  concrete,  are  used  for  the  firewalls 
separating  the  compartments  (see  p.  8  for  further 
discussion  of  firewalls) . 

The  lower  4  feet  of  the  walls  are  heavily  rein- 
forced to  resist  damage  from  the  industrial  trucks. 

Structural  framing. — The  main  structural 
frames,  which  carry  the  roof  panels,  are  con- 
structed of  precast  concrete  members  joined  to- 
gether to  form  a  continuous  frame  (13).  These 
frames  are  spaced  35  feet  on  centers,  with  the 
frame  columns  spaced  42  feet  on  centers. 

In  this  type  of  construction,  careful  considera- 
tion should  be  given  to  the  design  and  construction 
of  connections.  It  may  be  desirable  that  sample 
connections  be  made  and  subjected  to  load  tests. 
Through  simple  testing  and  improving  of  the  con- 
nections, savings  in  construction  costs  can  be 
realized  (14)- 
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FLOW    CHART    OF    BALE    HANDLING    OPERATIONS   IN  A    WAREHOUSE 
WITH    TWO    ROWS    OF  CONNECTED    COMPARTMENTS 
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Floors. — A  hot-mix  bituminous  concrete  sur- 
face 2  inches  thick  is  used  for  the  floor  paving. 

Skylights.— Skylights  constructed  of  glass  fiber 
plastic  panels  are  provided  in  the  roof  to  give 
natural  daylighting. 

Doors. — Doors  are  chain-operated  rolling  doors 
of  metal.  Doors  in  firewalls  are  an  approved  type 
of  firedoor. 

Fire  protection.— The  warehouse  is  protected 
by  automatic  sprinkler  systems  and  independent 
standpipe  systems  similar  to  those  of  the  other 
two  warehouses.  A  coverage  of  100  square  feet 
per  sprinkler  head  usually  is  allowed  for  cotton 
warehouses  of  concrete  construction. 

Drainage.— Cast-iron  pipe  roof  leaders,  cast  in 
concrete  columns,  carry  the  water  from  the  roof  to 
buried  drainage  lines. 
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Lighting. — A  lighting  system  similar  to  that 
used  in  the  warehouse  of  prefabricated  steel  con- 
struction (p.  23)  was  selected  for  this  warehouse. 
Industrial  incandescent  lighting  fixtures  are 
spaced  14  feet  by  19y2  feet  on  centers. 

Outside  work. — With  the  more  compact  layout 
of  this  warehouse,  there  is  less  outside  work,  such 
as  rail  siding,  paving,  land  clearing,  and  grading, 
than  in  the  other  two  designs.  There  are  only 
750  feet  of  rail  siding  and  10,300  square  yards  of 
paving. 

Construction  Costs 

The  estimated  total  construction  cost  for  the 
warehouse  is  $1,200,000.  This  includes  costs  for 
roadways,  outside  fire  protection,  rail  siding,  light- 
ing, sprinkler  systems,  platforms,  floor  excavation, 


and  other  necessary  work.  No  cost  has  been  in- 
cluded for  an  office,  maintenance  shop,  or  the  com- 
pressing machinery.  The  total  cost  of  $1,200,000 
equals  $4.93  per  square  foot  of  floor  area  if  plat- 
forms are  included,  or  $5.83  if  the  platform  area 
is  excluded.  For  further  discussion  of  the  basis 
for  these  cost  estimates,  see  the  section  on  construc- 
tion costs  for  the  pole-type  warehouse  (p.  21). 
The  breakdown  given  below  shows  the  estimated 
cost  of  the  construction  items  for  the  design  shown 
in  figure  17. 

Item  Cost 

Roof  construction  (decking  and  roofing) $300,300 

Structural  framing 160,  600 

Outside  work 156.  300 

Fire  protection 105,  500 

Floor  construction 84,  900 

Wall  construction 83, 100 

Lighting  and  electrical 45, 000 

Doors  and  light  panels 16,  700 

Drainage  lines 7,  600 

Total 960,  000 

25  percent  overhead  and  profit 240,  000 

Grand  total 1,  200,  000 


Cost  per  square  foot  $1,200,000' 

(platform  area  included)  =  — =   $4.93 

Cost  per  square  foot            $lj  200,  000 
(platform  area  excluded)  =  — '„„„  ' =   $5.  83 


Cost  per  bale 


206,  600 
$1,200,000 


=  $26.  67 


45,  000 
1  Rounded  to  nearest  $1,000. 

Annual   Facility  Costs 

The  estimated  annual  facility  costs  for  the  con- 
crete warehouse  are  shown  in  table  3.    Based  on 


an  initial  construction  cost  of  $1,200,000,  the  total 
annual  facility  cost  is  estimated  to  be  $79,920.  For 
a  further  discussion  of  the  basis  for  computing 
the  annual  cost,  see  the  section  on  annual  facility 
costs  for  the  pole-type  building  (p.  21). 

Table    3. — Estimated    annual   facility    cost    for 
warehouses  of  concrete  construction  1 


Item 

Assumed 
rate 

Annual 
cost 

Depreciation 
Interest 

Percent 

2  2.00 

3  6.  00 
1.00 
3.  50 
*  .  16 

Dollars 
24,  000 
36,  000 

Taxes                 .        

12,  000 

Maintenance  and  repairs   _  _ 
Insurance     .               -          

6,000 
1,920 

Total  annual  facility  cost 

79,  920 

1  Based  on  an  estimated  construction  cost  of  $1,200,000. 

2  Based  on  a  useful  life  of  30  years.  The  useful  life  is 
based  mainly  on  physical  factors  such  as  type  and  quality 
of  construction;  for  accounting  purposes  and  in  making 
construction  loans,  a  shorter  useful  life  is  often  used. 

3  Based  on  an  average  value  of  the  building. 

4  Insurance  rate  of  0.16  is  an  average  of  rates  furnished 
by  rating  bureaus  of  Texas,  Mississippi,  and  Georgia. 

Annual   Insurance  Cost  on  Stored  Cotton 

For  the  concrete  warehouse,  the  insurance  rate 
for  stored  cotton  is  assumed  to  be  $0.28  per  year 
per  $100  valuation  of  the  cotton.  This  rate  is  an 
average  of  rates  furnished  by  the  rating  bureaus 
of  Texas,  Mississippi,  and  Georgia  for  1960.  Com- 
puting the  insurance  cost  as  described  on  page  22, 
the  total  annual  insurance  cost  for  the  stored  cot- 
ton would  be  $9,450. 


Warehouse  Layout  for  Flat  Bales 


The  pole-type  warehouse  for  storing  flat  bales 
discussed  in  "Designing  a  Public  Warehouse  for 
Storing  Flat  Bales  of  Cotton"  (11)  can  be  con- 
verted to  include  a  compress  compartment.  One 
suggestion  is  to  enlarge  the  middle  one  of  the  three 
compartments  along  the  rail  siding  (11,  p.  31). 
This  compartment  can  be  expanded  by  100  feet 
in  the  clear  area  separating  the  compartments 
(fig.  19) .  One  existing  end  wall  must  be  removed, 
a  new  firewall  built,  a  foundation  for  the  compress 
constructed,  and  a  boiler  room  built. 

Flow  Pattern 

A  flow  chart  (fig.  20)  shows  the  major  activities 
and  facilities  and  the  recommended  sequence  of 
operations  for  this  warehouse.  The  flow  of  bales 
from  receiving  to  shipping  is  described  on  pages 
30-32  in  Marketing  Research  Report  No.  355  (11). 


With  the  installation  of  a  compress,  flat  bales  are 
to  be  pressed  upon  shipping  order  and  there  is 
a  different  pattern  for  bales  that  are  to  be  shipped. 
Instead  of  bales  moving  directly  to  a  shipping 
block  on  the  rail  platform  or  to  the  road  truck 
shipping  court,  they  move  to  the  compress  for 
pressing  to  standard  or  high  density.  After  they 
are  pressed,  they  are  moved  directly  into  a  rail 
car  or  a  road  truck  for  shipment  to  a  textile  mill, 
concentration  warehouse,  or  port  for  export. 

The  receiving  operations  are  the  same  as  those 
described  in  "Designing  a  Public  Warehouse  for 
Storing  Flat  Bales  of  Cotton"  (11).  After  the 
bales  are  broken  out,  they  are  moved  to  a  tem- 
porary segregated  pressing  block  in  the  compress 
compartment,  in  operation  (D)  shown  in  figure 
20.  Bales  are  pressed  to  standard  or  high  density 
as  requested  by  the  shipper,  in  operation  (E), 
and  loaded  directly  into  a  rail  car,  in  operation 
(F). 
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Figure  19 


Bales  are  moved  about  the  same  distance  as  be- 
fore; however,  most  bales  are  shipped  by  rail. 
With  fewer  bales  shipped  by  road  truck,  traffic 
and  operational  interference  is  further  reduced. 

Construction  Costs 

The  estimated  construction  cost  for  making  the 
modifications  described  is  about  $60,000.  This 
does  not  include  the  cost  of  the  compressing  ma- 
chinery, boilers,  or  other  assorted  equipment. 

If  the  cost  of  $671,000  for  the  warehouse  for 
flat  bales  (11)  is  increased  by  11  percent  to  con- 
vert it  to  1960  prices,  the  cost  estimate  is  $745,000. 

Adding  to  this  the  modification  cost  of  $60,000 
brings  the  total  estimated  cost  for  the  warehouse 
to  about  $805,000.    The  unit  costs  are : 


Cost  per  square  foot        = 
Cost  per  bale  = 


$805,  000 
265,  400= 
$805,  000 
45,  000 


:  $  3.  03 


=  $17.  88 


Annual  Facility  Costs 

The  estimated  annual  facility  costs  for  the  pole- 
type  warehouse  with  storage  compartments  for 
flat  bales  and  a  compress  compartment  are  shown 
in  table  4.  Based  on  an  initial  construction  cost 
of  $805,000,  the  total  annual  facility  cost  is  esti- 
mated at  $75,026. 


Table  4. — Estimated  annual  facility  cost  for  pole- 
type  warehouse  with  storage  compartments  for 
flat  hales  and  a  compress  compartment x 


Item 

Assumed 
rate 

Annual 
cost 

Depreciation  2_.                           .   . 
Interest 3             -  -           - 

Percent 
4.0 
6.0 
1.0 
1.0 
.32 

Dollars 
32,  200 
24,  150 

Taxes                     .               _ 

8,050 

Maintenance  and  repairs 
Insurance  4.  . 

8,050 
2,576 

Total  annual  facility  cost 

75,  026 

1  Based  on  initial  construction  cost  of  $805,000. 

2  Based  on  an  estimated  useful  life  of  25  years. 

3  Based  on  the  average  value  of  the  building. 

4  Insurance  rate  of  0.32  is  an  average  of  rates  furnished 
by  rating  bureaus  of  Texas,  Mississippi,  and  Georgia. 


Annual  Insurance  Cost  on  Stored  Cotton 

For  the  flat -bale  warehouse,  the  insurance  rate 
for  stored  cotton  is  assumed  to  be  $0.33  per  year 
per  $100  valuation,  the  same  rate  assumed  for  the 
pole-type  warehouse  (page  22).  Computing  the 
insurance  cost  as  described  on  page  22,  the  total 
annual  insurance  cost  for  stored  cotton  is  $9,450. 
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FLOW    CHART  OF  BALE  HANDLING  OPERATIONS  IN  A  WAREHOUSE 
WITH    SEPARATED  COMPARTMENTS 
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©  FLAT      BALES     PRESSED     TO     STANDARD     DENSITY 

(F)  LOAD     BALES    IN  RAIL    CARS 


U.S.  DEPARTMENT  OF  AGRICULTURE 


NEG.  238-62191    AGRICULTURAL   MARKETING   SERVICE 


Figure  20 


Comparison  of  Space  and  Costs  for  Four  Cotton  Compresses  and 

Cotton  Warehouses 


The  total  available  floor,  storage,  and  aisle  space 
for  the  four  warehouses  is  compared  in  table  5. 
Table  6  shows  a  comparison  of  total  annual  facility 
costs  for  the  four  compresses  and  warehouses. 

In  comparing  costs  for  these  four  warehouses, 
it  should  be  remembered  that  the  pole-type  ware- 
house for  flat  bales  was  designed  for  weather  con- 
ditions in  the  Southwest,  with  separated 
compartments,  uncovered  loading  and  unloading 
areas,  and  with  a  minimum  type  of  roof  construc- 
tion. 

Estimated  annual  man-hours  and  labor  and 
equipment  costs  for  the  four  compresses  and  ware- 
houses are  shown  in  table  7. 


The  estimated  insurance  costs  on  bales  in  storage 
for  6  months  are  compared  in  the  following  tabu- 
lation for  the  four  compresses  and  warehouses : 

Compartment  type  and  Average 

sige  insurance 

cost 
Warehouse  of  pole-type  construction,  224  feet  by 

948  feet $11,137 

Tilt-up   concrete   construction,   336  feet  by   700 

feet    9,450 

Prefabricated    steel    construction,    210   feet    by 

980  feet 11,475 

Warehouse  of  pole-type  construction,  six  sepa- 
rated compartments,  175  feet  by  232  feet 11, 137 
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Table 


7. — Comparison  of  annual  labor  and  equipment  costs  for  4-  types  of  cotton  compresses  and 

cotton  ivarehouses 


Warehouse  type  and  size 


Labor 


Time 


Elapsed 


Man-hours 


Total 
labor 
cost 


Total 
equip- 
ment 
cost 


Total 

labor  and 

equip- 

cost 


Connected  compartments: 

Pole-type  construction,  948  feet  by  224  feet 

Tilting  concrete  construction,  700  feet  by  336  feet 

Prefabricated  steel  construction,  980  feet  by  210  feet.. 

Separated  compartments: 

Pole-type  construction,  896  feet  by  450  feet 


Hoxirs 
2,  168 
2,  168 
2,  168 

2,  168 


10,  504 
10,  450 
11,523 

8,333 


Dollars 
12,  867 

12,  804 

13,  347 

9,767 


Dollars 

7,257 
7,254 
7,047 

5,059 


Dollars 
20,  124 
20,  058 
20,  394 

14,  826 


A  40,000-  to  50,000-Bale  Compress   and  Warehouse  With  Compartments 

of  Concrete  Construction 


In  this  report,  a  compress  and  warehouse  of  con- 
terete  construction  (fig.  17,  p.  28)  was  selected  for 
'further  development,  consideration  being  given 
jto  permanence,  appearance,  and  low  maintenance 
jcosts.  Although  initial  construction  and  annual 
jcosts  are  higher  than  the  compress  and  warehouse 
jof  pole-type  construction,  the  costs  compare  favor- 
ably with  those  for  the  compress  and  warehouse 
jof  prefabricated  steel  construction.  A  low-cost 
.^warehouse  of  pole-type  construction  was  described 
>jin  detail  in  a  previous  report  (11,  pp.  28-36). 

Layout 

Site  conditions  that  are  normal  for  the  Missis- 
sippi Valley  and  Southeastern  States  were  as- 
sumed for  this  report.  Operational  costs  were 
computed  from  data  on  materials-handling  meth- 
ods, equipment,  and  labor  contained  in  the  report 
on  cotton  handling  (3) .  The  floor  plan  and  design 
details  are  shown  in  figures  21  through  26,  and  the 
layout  and  flow  chart  of  the  warehouse  and  com- 
press were  shown  in  figure  18,  page  30. 

The  layout  for  this  compress  and  warehouse  was 
discussed  on  page  26. 

The  site  for  this  warehouse  is  970  feet  long  and 
800  feet  wide,  containing  776,000  square  feet  or 
about  18  acres.  Six  storage  compartments  are 
used  for  storing  40,000  to  50,000  compressed  bales, 
and  one  compartment  for  compressing  bales. 
These  compartments  and  the  roads,  office,  rail  sid- 
ing, parking  area,  and  other  warehouse  facilities 
occupy  58  percent  of  the  available  site  space,  and 
42  percent  of  the  site  is  available  for  expansion, 
providing  sufficient  area  for  six  more  storage  com- 
partments plus  space  for  handling  operations. 
The  expansion  area  is  sufficient  to  increase  storage 
capacity  100  percent. 


Storage  and  compress  compartments  and  work- 
ing areas  for  this  warehouse  were  discussed  on 
pages  26  and  27. 

Building  Plans  and  Specifications 

The  drawings  (figs.  21  through  26)  should  be 
used  only  as  guidelines,  and  it  is  recommended 
that  an  architect  or  engineer  be  employed  to  adapt 
these  drawings  to  local  conditions  and  to  supervise 
construction. 

Specifications  for  the  warehouse  are  included  in 
the  appendix.  These  specifications  are  written 
with  alternatives  to  make  the  specifications  adapt- 
able to  local  situations.  For  example,  the  costs  of 
the  various  methods  of  constructing  the  concrete 
members — precast  or  cast-in-place  and  conven- 
tional or  prestressed  reinforcing — vary  consid- 
erably from  place  to  place.  The  method  most 
economical  for  the  area  should  naturally  be  se- 
lected. Here  again  it  should  be  realized  that  these 
specifications  are  intended  only  as  guidelines. 

Construction  Costs 

Table  8  itemizes  the  construction  costs  for  the 
warehouse  of  concrete.  Construction  cost  for  the 
entire  facility  is  estimated  at  $1,200,000.  This 
cost  is  based  on  labor  rates  and  materials  prices 
for  1960  for  the  Dallas,  Tex.,  area.  For  further 
discussion  of  the  bases  for  these  costs,  see  the  sec- 
tion on  Construction  Costs,  pages  6  and  7.  The 
estimated  cost  does  not  include  the  cost  of  an 
office,  maintenance  shop,  and  miscellaneous  utili- 
ties, such  as  sanitary  sewers,  domestic  water  lines, 
and  intercommunications  systems.  No  cost  is  in- 
cluded for  the  land. 
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FUTURE 
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SITE   PLAN 
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Figure  21A 
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TOP  OF  PLATFORM 


VARY  DIMENSIONS  AS  NECESSARY 
TO  MEET  REQUIREMENTS  OF  THE 
USING    RAILROAD 


SECTION  A-A 


FLOOR   LEVEL 


-20'-- VV- 

COVEREO    PLATFORM 


CONCRETE   WALL 


_: : <•      * 


*   > 


^rr 


-DRAINAGE    DITCH 


SECTION   B-B 


SECTION  C-C 

SCALE  OF  FEET 


COTTON    WAREHOUSE    FOR   STORING 
COMPRESSED    BALES 


SITE  PLAN 


a  u  S    M€G    259     <2I9I 


FlGTJRE  21B 
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RjOOR  PLAN 
COMPRESS  COMPARTMENT  AND 
TYPICAL  STORAGE  COMPARTMENT 

SCALE  OF  FEET 


Figure  22A 
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PLAN  OF  COMPRESS  FOUNDATION 

SCALE    OF  FEET 


0     12     3    4    5 


FOUNDATION    SYMMETRICAL 
ABOUT   CENTERLINE 


%    DIA.-STEEL 
REINFORCING   BARS 


SECTION    A-A 

SCALE  OF  FEET 

i — i     i — i     i — i 
0    1     2    3    4    5 


7-0"  i  tf-O"  FOOTING 


REINFORCING   BARS 


PRECAST  COLUMN 
COLUMN  BARS 


GROUT 


SLEEVES   FILLED 
WITH   GROUT    ' 
BEFORE    SETTING 
COLUMNS        .       . 


TYPICAL    FOUNDATION    FOR   COLUMNS 

SCALE  OF   FEET 


2"  OR  3"    PAVING 


NOTE'    FOUNDATION    DESIGNS 
SHOULD    BE   MODIFIED    AS 
NECESSARY   TO   MEET 
LOCAL    SOIL   CONDITIONS. 


UNITED     STATES    DEPARTMENT    OF    AGRICULTURE 
AGRICULTURAL      MARKETING         SERVICE 
COTTON    WAREHOUSE    FOR    STORING 
COMPRESSED    BALES 

FLOOR  PLAN  AND 
FOUNDATION  DETAILS 


'H  S    NCG  240-62191 


I       1962 


Figure  22B 
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CAST-IN- PLACE 
CLOSURE 


FLASHING 

PARAPET 

BUILT  UP  ROOFING 

ROOF    SLAB 

SELF    RELEASING    JOINT 
ROOF   FRAMING 
0   BARS 


NAILING  STRIP 


.032    AL.  FLASHING 
IU    UP   ROOFING 


8"    PRECAST   CONCRETE    WALL 
(LIGHT   WEIGHT   CONCRETE) 


FLOOR  LINE 


GRADE  BEAM 


SECTION  E-E 

SCALE  OF  FEET 

0  I  2 

SEE  FIGURE  22 


WELDED  WIRE  MESH 


0  I  2 

SEE  FIGURE    22 


I      "^WELDED   WIRE  ME! 

^frfl    V  r  '  "  A-p    w'.  '  '     ■*vj' "  ■<■, 


FILL   WITH   GROUT   AFTER  SLABS 
.ARE   WELDED  IN  PLACE 


WELD   PLATES 
A  MAXIMUM  OF  10 
CENTERS 


PRESTRESSED     CABLES 


DETAL  OF  ROOF  SLABS 

SCALE  OF  FEET 


ON 


2"PREM0LD   EXPANSION 
MATERIAL 


PRECAST   WALL  PANEL 


WELD  BARS  TOGETHER 


POUR-IN-PLACE    CLOSURE 
PANEL 


CAST  8"  ROOF  LEADERS 
IN  REQUIRED   COLUMNS 


SECTION   D-D 

SCALE  OF  FEET 


DETAIL  OF  BEAM   JOINTS 

SCALE  OF  FEET 


UNITED    STATES    DEFftRTMENT   OF   AGRICULTURE 
AGRICULTURAL   MARKETING  SERVICE 

COTTON    WAREHOUSE    FOR   STORING 
COMPRESSED   BALES 

STRUCTUAL   FRAMING   AND 
DETAILS  OF  WALLS 


>.MS  HEP  2«l-t;[l) 


|       1862  " 


Figure  23B 
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—  SCUPPER 

ROOF  DRAIN 


L 


4 


SLOPE   fe  IN  I 


T 


-29-0"- 


V 


ROOF  DRAIN 


_n 


— v 


D      I      0 

U 


4  PLY    BUILT-UP   ROOF 
WITH    LIGHT    WEIGHT  AGGREGATE 


-SKY    LIGHTS 


I68-I0" 


-V 


ROOF    PLAN 
TYPICAL  COMPARTMENT 

SCALE    OF   FEET 


0  16  32 


^ 


ROOF  DRAIN 


_         o 


D 

Imroof  drain 

D 


^ROOF   LEADER -CAST-IN- 
PLACE   CONCRETE    FRAMING 


IhH 


GRA/EL   STOP 
.032    THICK  AL 


-4   PLY    BUILT-UP   ROOF 
WITH   LIGHT   WEIGHT 
AGGREGATE 


PRECAST    ROOF  SLAB 


/MAIN    STRUCTURAL 
FRAMING 


SECTION    A-A 

SCALE  OF  FEET 


SECTION   B-B 

SCALE    OF    FEET 


Figure  24A 
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SLOPE    TOWARD 
SOUTHERLY  DIRECTION 


PRESSURE     TREATED 
WOOD   FRAME 


BUILT-UP    ROOFING 


SECTION    O-C 

SCALE  OF  FEET 


CLOSURE  STRIP 
CAP  FLASHING 
BASE    FLASHING 


GLASS    FIBER  PANEL 
CLOSURE    STRIPS 

PRESSURE    TREATEDED    WOOD   FRAME 
COUNTERFL  ASHING 
BASEFLASHING 

BUILT-UP   ROOFING 


PRECAST  CONCRETE  DECK 


HOOD  a  GEARS 


£     SECTION  l-l 


SECTION    D-D 

f      SCALE   Of    FEET 


Hi 


STEEL  GUIDES 
I& life*  £ 4 


SECTION  2-2 


FLOOR   LINE 


RUBBER  SEAL 

SECTION   3-3 


DETAIL  OF  METAL  ROLLING  DOOR 

SCALE  OF  FEET 


PERSPECTIVE 

NO  SCALE 


OOR 


UNITED    STATES    DEWRTMENT    OF   AGRICULTURE 
AGRICULTURAL    MARKETING    SERVICE 


COTTON    WAREHOUSE    FOR   STORING 
COMPRESSED    BALES 

ROOF  PLAN  AND  MISC.f 
DETAILS  -' 


A.M.S-  NEQ-  242  -62(91 


|       l»«2 


Figure  24B 
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-4"  TO  HOSE  CONNECTIONS 


4'  TO  HOSE  CONNECTIONS- 


+  — 

DRAFT   CURTAIN- 


'S" TO  252  SPRINKLERS.   SEE 
RISER   DETAIL  A. 


-6"  TO  168    SPRINKLERS 


6"  TO  210  SPRINKLERS 


6"  TO  160  SPRINKLERS 


6"  TO  200  SPRINKLERS  - 


-  CONNECTlONS-v,  f 


HOSE    CONNECTION    LAYOUT 
TYPICAL    FOR    ALL    SECTIONS 
TOP  OF  PIPE   l'-0"«  BELOW 
UNDERSIDE   OF   FLOOR. 


PAVED    AREA 


4' TO  HOSE  CONNECTIONS 
8"  TO  200  SPRINKLERS  —7 


6'  TO  203  SPRINKLERS  - 
6"  TO  275  SPRINKLERS. 
SEE  RISER  DETAIL  A. 


SYMBOLS: 

1 SPRINKLER  HEAD 

O DRY  PIPE  VALVE 

— <= —  WATER  MOTOR  ALARM 
— CXj—  0S8Y   GATE  VALVE 
— Ht —  CHECK   VALVE 

— t GATE  VALVE  WITH  INDICATOR  POST 

_t_  TWO-WAY  FIRE  HYDRANT 
— *        HOSE  CONNECTION 


f 


PLUGGED  TEE 


1 


HYDRANT  WITH  PUMPER  CONNECTION 
MUST  BE  LOCATED  ON  WATER 
SUPPLY  NOT  OVER  300  FEET  FROM 
FIRE  DEPARTMENT  CONNECTION 


WATER    SUPPLY 

SCALE  OF  FEET 


IN  PIT: 

2-8"  OS  a  Y  GATE  VALVES 

I  -8"  CHECK  VALVE 

WITH  BYPASS  FOR  TANK 

FILLING 


2  ^"x  2  ^"x  4' SIAMESE    FIRE    DEPARTMENT 
CONNECTION 
IN  PIT: 

2-8"  OSS  Y  GATE  VALVES 
1-8'  CHECK  VALVE 
1-4" 
I-8"X8'X4"  FLANGED  TEE 


-PUBLIC  WATER 
SUPPLY  - 

LARGER 


C^= 


Figure  25A 
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SPRINKLER    ARRANGEMENT   IN    COMPRESS 
8  TYPICAL  STORAGE    COMPARTMENT 
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a    DRAFT  CURTAIN 

SCALE  OF  FEET 
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4"X  '^"  REDUCER  ELL 


12"  SQUARE  BOX  IN  FLOOR 
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- 1/4"  DRAWOFFS 
TIE  INTO  WAIN  DRAIN 


-6"  DRY   PIPE  VALVES 
WITH   ACCELERATORS 


—  VALVE   HOUSE 


I.  A  FROST-PROOF   VALVE  HOUSE  INCLUDING 
NECESSARY   LIGHT  6  HEAT    IS   TO    BE. 
PROVIDED    TO  ENCLOSE   EACH    GROUP 
OF  DRY    PIPE    VALVES. 

2   ONE   SPRINKLER  SYSTEM   AIR    COMPRESSOR 
TO  BE  INSTALLED   IN   THE    PRESS   SECTION 
TO    SERVE  ALL  DRY    PIPE   SYSTEMS 


2-j  GLOBE   VALVE 


2^  90*  ELL  WITH  L 
WEEP  HOLE  FOR   DRAIN 


DETAILgOF  CONTROLS 
FOR  I  j  HOSE  STATIONS 


RISER   DETAIL-A, 
RISER    DETAIL- B  SIMILAR 
EXCEPT    FOR   DOUBLE  RISER  ONLY 
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COMPRESSED  BALES 
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FIRE   PROTECTION 
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Figure  25B 
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POWER  PLAN 


Figure  26A 
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Annual  Facility  Costs 

As  previously  estimated  on  page  31,  the  annual 
facility  cost  for  the  warehouse  is  $79,920. 

Handling  Operations,  Labor,  and 
Equipment 

In  developing  the  layout  for  a  compress  and 
warehouse  having  a  storage  capacity  of  40,000 
to  50,000  compressed  bales,  it  was  assumed  that: 
(1)  Bales   would   be   received   from   September 


through  January;  (2)  the  largest  number  of  bales 
would  be  received  during  September,  October,  and  I 
November;  (3)  all  bales  would  be  received  by  road 
truck,  and  90  percent  shipped  by  rail  and  10  per-  j 
cent  by  road  truck;  (4)  all  bales  would  be  com- 
pressed upon  arrival;  and   (5)   65,000  bales  per 
season  would  be  received,  compressed,  placed  in  | 
storage,  and  shipped.    These  assumptions  were 
used  in  computing  the  size  of  crews,  the  handling 
operations,  and  equipment  needed.     Data  from  the 
report  on  cotton  handling  were  used  in  estimating 
labor  and  equipment  costs  (3) . 


Table  8. — Estimated  construction  cost  of  a  concrete  warehouse  for  storing  40,000  to  50,000  compressec 

hales  of  cotton 


Kinds  of  work  and  materials  used 


Total  units 


Cost  per 
unit 


Roof  construction: 

4-ply  roofing 

Precast  concrete  deck 

Flashing  and  metal  work- 


Structural  framing  and  other  concrete  work: 

Beams 

Columns 

Footings  and  grade  beams 

Retaining  wall 

Foundation  for  machinery 


Floor  construction: 
3-inch  paving. 
2-inch  paving. 
Gravel  base  .  . 


Fire  protection: 

Sprinkler  heads  and  piping 

Hose  racks  and  piping 

Miscellaneous  dry  valves  and  alarms . 


Site  preparation  and  outside  work: 

3-inch  paving 

2-inch  paving 

Gravel  base 

Fire  loop  and  hydrants 

Water  tank 

Clearing 

Grading 

Excavation  work 

Rail  siding 

Fence 


Wall  construction: 

6-inch  exterior  walls 

8-inch  firewalls 

Miscellaneous  valve  houses,  etc. 


Number 
243,200  sq.  ft. 
243,200  sq.  ft. 


887  cu.  yds. 
230  cu.  yd.. 
730  cu.  yds. 
260  cu.  yds . 
70  cu.  yds.. 


9,300  sq.  yds.. 
17,600  sq.  yds. 
6,500  cu.  yds.. 


2,975. 
35... 


6,100  sq.  yds. 
3,000  sq.  yds. 
2,800  cu.  yds. 


18  acres 

88,000  sq.  yds. 
5,000  cu.  yds.. 
760  linear  ft.. 
3,600  linear  ft. 


40,000  sq.  ft. 
24,000  sq.  ft. 


Dollars 
0.  16 
1.05 


100.  00 

120.  00 

40.00 

50.00 

30.00 


2.40 
1.  60 
5.30 


28.00 
350.  00 


2.  50 
1.  65 
5.30 


32,  000.  00 

160.  00 

.  12 

.90 

16.  00 

3.00 


1.20 
1.  38 
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Table  8. — Estimated  construction  cost  of  a  concrete 

bales  of  cotton 

warehouse  for  storing  IfifiOO  to  50,000 
— Continued 

compressed 

Kinds  of  work  and  materials  used 

Total  units 

Cost  per 
unit 

Total 
cost 

lighting  and  electrical: 

Industrial  lighting  fixtures        _ _                ___ 

840 

17.30 

14,  500 

Wiring  and  power  panels..       . 

30,  500 

Doors  and  skylights: 

14-foot  metal  rolling  doors..   .     _         __       .__ 

9 

1 

6 

112 

800  linear  ft 

1,200  linear  ft 

150  linear  ft 

500  linear  ft ... 

28 

45, 000 

800.  00 

1,  000.  00 

900.  00 

28.00 

7,200 

18-foot  metal  rolling  doors        ___ _              -_ 

1,000 

14-foot  metal  rolling  fire  doors.   _.       _ _     

5,  400 

Skylights        ...   ...              -   - 

3,  100 

Drainage  lines: 

8-inch  line            _   -   

16, 700 

1.61 
2.05 

2.  75 

3.  30 
50.00 

1,300 

10-inch  line          

2,500 

12-inch  line              ...     __             _.         ______ 

400 

8-inch  cast  iron  leader _   -           _   -   _ 

2,000 

Cast  iron  drains   _      _ 

1,400 

Total ._ .   __- 

7,600 

960,  000 

Plus  25  percent  overhead  and  profit     _   ._ 

240,  000 

Grand  total  for  the  warehouse.   . 

1,  200,  000 

Handling   Operations 

Moving  bales  to  the  buck  bar. — After  bales  are 

Bale-handling  operations  to  be  performed  in 
this  compress  and  warehouse  are  as  follows : 

Unloading  bales. — Bales  received  by  road 
truck  from  cotton  gins  can  be  unloaded  at  a  central 
point  in  the  area  to  the  rear  of  the  compress 
compartment.  These  bales  can  be  unloaded, 
moved  about  50  feet,  and  placed  in  temporary  row 
blocks  with  three-  or  four-bale  clamp  trucks. 

Weighing  bales. — Bales  can  be  weighed  while 
they  are  in  temporary  row  blocks.  An  electronic 
scale  mounted  on  a  lift  truck  can  be  used  for 
weighing  (11).  Warehouse  tags  can  be  attached 
to  the  bales  by  one  of  the  weighing  crew  before 
the  actual  weighing  operation  begins. 

Sampling  bales. — Bales  can  be  sampled  while 
in  the  temporary  block  (11,  p.  35) . 

Transporting  bales  to  blocks  in  compress 
compartment. — Bales  in  temporary  blocks  in  the 
receiving  area  can  be  picked  up  by  three-  or  four- 
bale  clamp  trucks  and  transported  120  feet  to 
temporary  pressing  blocks  inside  the  compress 
compartment.  It  often  is  possible  to  use  the  same 
clamp  truck  for  unloading  bales  from  road  trucks 
and  for  moving  bales  from  temporary  row  blocks 
in  the  unloading  area  to  the  temporary  pressing 
blocks  inside  the  compress  compartment. 

Moving  bales  to  the  automatic  dinky  press 
feeder. — Bales  can  be  picked  up  from  temporary 
pressing  blocks  by  a  three-bale  clamp  truck,  trans- 
ported about  160  feet,  and  set  down  on  the  auto- 
matic dinky  press  feeder  platform. 


compressed,  they  can  be  picked  up  by  a  swinging 
jib  crane  and  moved  from  the  compress  door  to  a 
buck  bar  located  within  the  arc  of  the  jib  crane. 
Bales  are  released  in  an  on-head  position,  ready 
to  be  picked  up  by  a  clamp  truck. 

Transporting  compressed  bales  to  storage 
compartments. — Bales  at  the  buck  bar  are  picked 
up  by  three-  or  four-bale  clamp  trucks  and  trans- 
ported 520  feet  to  a  storage  compartment.  Bales 
are  set  down  in  a  temporary  block  about  50  feet 
from  a  cordwood  stack  in  a  position  to  be  picked 
up  again  by  a  clamp  truck. 

Stacking  bales  in  five-high  cordwood  stacks. — 
Bales  can  be  picked  up  from  a  temporary  block 
in  the  main  aisle  by  two-  or  three-bale  clamp 
trucks  and  moved  to  a  cordwood  stack.  The  bales 
are  set  down  in  a  horizontal  position  (on  the  ball 
side)  in  any  of  the  five  tiers,  with  the  warehouse 
bale  tag  next  to  the  cross  aisle. 

Breakout  operations. — Bales  to  be  shipped  are 
marked,  or  spotted  ahead  of  time,  with  an  identify- 
ing tag.  A  lift  truck  with  an  extractor  attach- 
ment removes  the  marked  bales  from  the  five-high 
cordwood  stacks.  The  breakout  machine  sets  the 
marked  bales  on  head  in  the  cross  aisle.  Later 
a  two-bale  clamp  truck  moves  the  bales  to  a  tem- 
porary block  in  the  main  aisle  and  positions  them 
for  clamp-truck  pickup. 

Transporting  bales  to  the  shipping  area. — 
Bales  in  the  main  aisle  are  picked  up  and  trans- 
ported an  average  of  360  feet  by  four-bale  clamp 


49 


trucks  to  a  shipping  block  on  the  rail  platform. 
Here  bales  are  set  down  in  shipping  blocks  and 
positioned  for  clamp-truck  pickup.  Bales  to  be 
shipped  by  road  truck  are  transported  520  feet 
and  set  down  in  shipping  blocks  in  the  road-truck 
loading  area. 

Shipping  operations. — Rail  cars  can  be  loaded 
by  three-bale  clamp  trucks  carrying  two  or  three 
bales  per  trip  from  the  shipping  blocks  on  the  rail 
platform.  Bales  can  be  picked  up  and  moved  50 
feet  through  the  car  and  loaded  in  the  car. 

Road  trucks  can  be  loaded  from  ground  level 
by  three-  or  four-bale  clamp  trucks.  Also,  clamp 
trucks  can  move  bales  directly  onto  road  truckbeds 
from  the  truck  well. 

Labor 

A  permanent  crew  of  two  men  can  handle  bales 
during  the  slack  part  of  the  season.  Extra  men 
can  be  employed  during  the  peak  of  the  receiving, 
compressing,  storing,  and  shipping  seasons.  The 
receiving  season  generally  is  about  8  to  12  weeks, 
and  the  compression  season  lasts  from  12  to  16 
weeks.  Shipping  operations  usually  take  place 
throughout  the  year,  but  are  heaviest  just  after 
the  peak  of  the  receiving  season. 

A  maximum  of  12  workers  can  perform  all 
handling  operations  during  the  peak  receiving  sea- 
son, as  listed  below : 

One  man  to  weigh  bales 

Two  men  to  sample  bales  and,  when  not  sampling, 
to  assist  in  other  operations 

One  man  to  operate  jib  crane 

One  man  to  spot  bales  and  assist  in  breakout 
operations 

Seven  clamp  truck  operators  to  transport  bales, 
unload  bales  from  road  trucks,  feed  bales  to 
the  dinky  press,  store  bales  in  five-high  cord- 
wood  stacks,  break  out  bales  from  stacks,  load 
bales  into  rail  cars  and  onto  road  trucks,  and 
assist  in  weighing  and  sampling  bales. 

Following  is  a  suggested  guide  for  warehouse- 
men in  estimating  the  number  of  bales  per  week 
that  crews  of  different  sizes  can  efficiently  handle 
in  receiving,  transporting  bales  around  the  com- 
press, storing,  breaking  out,  and  shipping : 

Workers  Bales  per  week 

Number  Numbei' 

2 1,500 

3 2,400 

4 3,300 

6 5,000 

8 6,500 

9 7,300 

10 8,000 

11 9,000 

12 10,000 

A  two-man  crew  using  three-bale  clamp  trucks 
can  break  out,  transport,  and  load  bales  into  rail 
cars  or  onto  road  trucks.  Extractor  attachments 
can  be  used  on  a  three-bale  clamp  truck  for  the 


breakout  operation.  Each  operation  is  performed 
independently,  but  in  sequence,  by  the  two 
workers. 

A  three-man  crew  performs  the  same  operation 
as  the  two-man  crew  but  handles  more  bales  perl 
week. 

With  a  four-man  crew,  the  work  can  be  divided' 
into  several  independent  operations  that  occur  at 
the  same  time  in  the  receiving  and  shipping  opera- 
tions. Two  men  receive  the  cotton,  using  three- 
bale  clamp  trucks  and  an  electronic  weighing  at- 
tachment. These  same  two  men  also  can  perform 
the  sampling  operation,  move  bales  to  temporary 
pressing  blocks  in  the  compress  room,  and  assist 
in  the  breakout  and  loading  operations.  The  other 
two  men  can  break  out  bales  from  storage  stacks 
with  an  extractor,  and  ,using  three-bale  clamp 
trucks,  transport  bales  to  the  loading  platforms  to 
load  rail  cars  and  road  trucks. 

With  a  six-man  crew,  two  men  can  perform  the 
receiving  operations  and  assist  in  the  breakout  and 
shipping  operations.  The  other  four  men  can 
perform  the  compressing-handling  operations  and  j 
assist  in  the  breaking  out  and  shipping.  The 
three-  and  four-bale  clamp  trucks  used  for  receiv- 
ing and  compress  handling  operations  can  be  used 
for  the  breakout  and  shipping  operations. 

With  an  eight-man  crew,  four  men,  using  three- 
and  four-bale  clamp  trucks  and  an  electronic  scale, 
can  perform  the  receiving  operations.  They  can 
use  the  same  machines,  with  a  breakout  extractor 
replacing  the  electronic  scale,  to  assist  in  the  break- 
out and  shipping  operations.  Handling  operations 
around  the  compress  and  storage  operations  can 
be  performed  by  four  men  using  three-  and  four- 
bale  clamp  trucks.  These  men  also  use  the  same 
machines  to  assist  in  the  breakout  and  shipping 
operations. 

With  a  nine-man  crew,  the  receiving  crew  is  in- 
creased by  one  man,  to  perform  the  receiving  opera- 
tions and  to  assist  in  the  breakout  and  shipping 
operations. 

With  a  10-man  crew,  four  men  perform  the  re- 
ceiving operations.  One  of  the  four  uses  a  three- 
bale  clamp  truck  to  unload  bales  and  transport 
them  to  a  temporary  pressing  block  in  the  compress 
compartment.  The  other  three  weigh  the  bales 
with  an  electronic  scale  and  do  the  sampling. 
Four  other  men  perform  the  handling  operations 
around  the  compress.  One  of  the  four  transports 
bales  from  a  temporary  pressing  block  to  the  auto- 
matic dinky  press  feeder,  using  a  three-bale  clamp 
truck.  Another  man  operates  the  swinging  jib 
crane  to  move  compressed  bales  from  the  compress 
door-plate  to  the  buck  bar.  A  third  man  with  a 
four-bale  clamp  truck  transports  bales  to  stacking 
areas  in  the  storage  compartments.  The  fourth 
man  working  in  the  storage  compartment  stores 
the  compressed  bales  in  five-high  cordwood  stacks, 
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using  a  three-bale  clamp  truck.  All  four  men  can 
(assist  in  the  breakout  and  shipping  operations. 
(The  other  two  men  "spot"  or  tag  bales  to  be  broken 
but,  remove  bales  from  storage  stacks,  using  a 
three-bale  clamp  truck  equipped  with  an  extractor 
•attachment,  transport  bales  to  the  shipping  plat- 
form, and  load  bales  into  rail  cars  or  road  trucks, 
using  three-  or  four-bale  clamp  trucks.  If  time 
permits,  they  can  also  assist  in  the  receiving  oper- 
ations when  needed. 

With  an  11-man  crew,  the  one  additional  man 
works  with  the  receiving  or  breakout  and  shipping 
crew  as  needed.  He  can  help  with  the  weighing, 
sampling,  or  tagging  of  bales,  and  assist  the  clamp 
truck  operator  in  the  breakout  operation. 

With  a  12-man  creto,  five  men  perform  the  re- 
ceiving operations,  four  men  the  handling  oper- 
ations around  the  compress,  and  three  men  the 
breakout  and  shipping  operations.  Some  of  the 
receiving  crew  will  have  time  to  assist  in  the  break- 
out and  shipping  operations. 

It  is  estimated  that  the  2  permanent  employees 
would  work  4,328  hours  during  the  year  in  ware- 
house operations,  and  that  10  part-time  employees 
would  work  a  total  of  6,122  hours,  a  total  for  the 
12  employees  of  10,450  hours. 

Equipment 

A  three-bale  clamp  truck  can  be  used  for  unload- 
ing weighing,  transporting,  breaking  out,  and 
loading.  For  weighing,  the  clamps  can  be  removed 
and  a  boom  attachment  equipped  with  an  elec- 
tronic scale  attached.  An  extractor  can  be  at- 
tached to  the  clamps  for  breaking  out  compressed 
bales  from  cordwood  stacks.  Assuming  that  the 
peak  of  the  receiving  season  lasts  10  weeks  and 
the  compression  peak  14  weeks,  that  all  the  bales 
are  compressed,  and  that  95  percent  of  the  bales 
are  to  be  shipped  during  the  year,  the  following 
list  shows  the  size  and  number  of  machines  and 
attachments  that  might  be  used  in  the  handling 
operations : 

Machines:  Eight  3-bale  clamp  trucks,  two  4- 
bale  clamp  trucks. 

Attachments:  One  electronic  scale  mounted  on 
a  boom  attachment,  two  extractors  for  breaking 
out,  eight  3-bale  clamps,  two  4-bale  clamps,  one 
automatic  dinky  press  feeder. 

Annual    Costs 

Data  from  the  cotton-handling  report  (-5)  were 
used  in  determining  the  operations — receiving, 
handling  around  the  press,  stacking,  and  ship- 
ping— to  be  performed,  and  the  crew  sizes;  and 
for  computing  the  man-hours  required  to  handle 
65,000  compressed  bales  in  a  40,000-  to  50,000-bale 
warehouse.  Unloading,  weighing,  sampling,  and 
moving  bales  to  the  temporary  compress  block 


require  3,217  man-hours  per  year.  Moving  flat 
bales  to  the  automatic  dinky  press  feeder,  remov- 
ing compressed  bales  from  the  compress,  moving 
them  to  a  buck  bar,  transporting  them  to  a  storage 
area,  and  storing  them  in  five-high  cordwood 
stacks  require  3,008  man-hours  per  year.  Break- 
ing bales  out  of  five-high  cordwood  stacks,  trans- 
porting, and  loading  them  into  rail  cars  or  onto 
road  trucks  will  require  4,225  man-hours  per  year. 
Thus,  a  total  of  10,450  man-hours  will  be  required. 
Direct  labor  and  equipment  costs  were  devel- 
oped for  each  operation — receiving,  bale  handling 
around  the  compress,  storing,  and  shipping —  ac- 
cording to  the  volume  of  bales  handled  and  crew 
size.  On  the  basis  of  assumed  wage  rates  found 
typical  in  the  warehouse  survey  in  1961,  the  esti- 
mated annual  labor  costs  for  the  operations  men- 
tioned above  are: 

Receiving  (unloading,  weighing,  sampling,  and 

transporting)   $3,  394.  50 

Handling  bales  around  the  compress  and  stor- 
ing (moving  and  placing  bales  on  the  dinky 
press  feeder,  moving  bales  to  the  buck  bar, 
transporting,  and  storing) 3,396.45 

Shipping  (spotting,  breakout,  transporting,  and 
loading  bales  into  rail  cars  or  onto  road 
trucks)  6,013.05 

Total  direct  labor  cost  per  year 12,  804.  00 

The  estimated  annual  equipment  costs  for  the 
same  operations  are: 

Receiving  (three  3-bale  clamp  trucks,  electronic 

scale  on  a  boom  attachment) $1,269.36 

Bale  handling  around  the  compress  (two  3-bale 
clamp  trucks,  one  4-bale  clamp  truck,  auto- 
matic dinky  press  feeder) 2,661.16 

Shipping  (two  3-bale  clamp  trucks,  one  4-bale 
clamp  truck,  2  breakout  extractor  attach- 
ments)         3,323.48 

Total  equipment  costs  per  year 7,  254.  00 

The  following  figures  show  the  estimated  annual 
costs  for  direct  labor,  equipment,  the  facility,  and 
insurance  on  stored  cotton  for  a  40,000-  to  50,000- 
bale  compress  and  warehouse  (handling  and  com- 
pressing), with  a  total  of  65,000  bales  handled  and 
compressed  per  year: 

Labor   $12,804.00 

Equipment 7,254.00 

Facility 79,  920.  00 

Insurance  on  stored  cotton 9,  450.  00 

Total 109,428.00 

Cost  per  bale  handled  (  $-^^) 1.  68 

\    65,000  / 

These  costs  do  not  include  overhead,  manage- 
ment, office  help,  utilities,  supplies,  etc.  However, 
the  cost  items  can  be  used  by  warehouse  owners  as 
a  guide  for  calculating  costs  for  direct  labor  and 
equipment,  annual  building  costs,  and  cotton 
insurance. 
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Appendix 


Layout  Guides 

Space  Relationship 

In  diagraming  the  overall  flow  in  a  cotton  com- 
press and  warehouse,  begin  with  the  key  locations 
of  the  receiving,  shipping,  compressing,  and  stor- 
age operations.  Try  to  locate  these  key  points  on 
the  flow  diagram,  then  insert  the  other  operations 
adjacent  to  each  other  and  in  the  proper  sequence. 

For  an  overall  flow  diagram,  use  the  following 
three  steps  (described  in  succeeding  paragraphs)  : 

(1)  Make  an  activity-relationship  flow  diagram; 

(2)  make  a  space-relationship  flow  diagram;  and 

(3)  make  the  actual  flow  diagram  to  fit  the  floor 
or  site  plan. 

Activity-relationship  flow  diagram.— A  proc- 
ess chart  should  be  made  and  analyzed  to  determine 
how  the  maximum  flow  can  be  directed  over  the 
shortest  possible  distance.  When  there  is  a  reason- 
ably clear  idea  of  how  various  activities  or  opera- 
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tions  should  go  together,  they  can  be  translated 
into  an  activity-relationship  flow  diagram.  This 
can  be  done  by  drawing  sketches  on  paper  with  a 
block  or  circle  representing  each  activity  or  opera- 
tion. Or  rectangular  pieces  of  cardboard  or  paper 
may  be  cut  out,  each  piece  representing  an  activity. 
No  attempt  should  be  made  to  represent  the  size 
or  shape  of  the  activity,  but  only  to  establish  the 
relation  of  activities  in  order  to  achieve  minimum 
distance  and  optimum  flow. 

Space-relationship  flow  diagram.— A  card- 
board block  of  a  specific  size  to  represent  a  specific 
space  for  each  activity  or  operation  should  be 
made.  Each  block  representing  the  same  activity 
should  be  marked  with  the  same  identification, 
color,  or  symbol.  If  the  planner  uses  enough 
blocks  to  equal  the  area  required  by  each  activity, 
and  works  with  the  activity  relationships  already 
established,  the  space  can  be  fitted  together  and  the 
relationships  of  these  spaces  determined. 


Actual  flow  diagram. — The  actual  flow  dia- 
gram is  made  to  scale  and  to  fit  the  floor  plan  or 
site.  All  other  factors  and  considerations  that  af- 
fect the  layout  are  considered,  and  space  require- 
ments are  adjusted. 

Space   Evaluation 

I     Vertical  versus  horizontal  storage  space. — A 

primary  objective  of  laying  out  warehouse  space 

j  is  to  reduce  or  eliminate  some  of  the  handling 

operations.    The  total  amount  of  space  used  in  a 

storage  compartment  is  determined  largely  by  the 

degree  to  which  vertical  space,  in  addition  to  hori- 

I  zontal  space,  is  utilized.     It  is  considered  better 

i  planning  to  lay  out  a  cotton  storage  compartment 

according  to  cubage  requirements  than  to  do  so 

:  solely  on  an  area  basis.   A  thorough  analysis  of  the 


proposed  method  of  handling  and  storing  bales 
of  cotton,  and  of  utilization  of  the  best  available 
equipment,  may  show  that  a  smaller  compartment 
than  was  planned  would  be  adequate. 

Marking   Aisles   and   Storage  Areas 

A  cotton  storage  compartment  must  be  designed 
and  laid  out  around  the  storage  patterns  and  pro- 
posed materials-handling  methods  if  the  maximum 
economy  is  to  be  obtained.  Aisles  and  storage 
areas  should  be  clearly  defined  by  using  paint  lines 
on  the  floor.  The  lines  should  be  located  so  that 
the  truck  operator  will  be  able  to  place  his  load 
in  a  predetermined  space.  Aisle  and  storage  areas 
will  then  remain  the  same,  rows  will  be  straight, 
and  operations  can  be  orderly. 


Specifications  for  a  Cotton  Compress   and  Warehouse  for  Storing  40,000  to 

50,000  Compressed  Bales 


Excavation   and   Site   Preparations 

Scope. — The  work  described  here  comprises  all 
labor  and  material  necessary  for  site  preparation, 
excavation,  filling,  backfilling,  and  grading,  as 
shown  in  the  drawings  or  specified  herein. 

General  Requirements. — a.  The  site  shall  be 
thoroughly  cleared  and  grubbed.  All  grass,  brush, 
shrubs,  large  stones,  and  other  debris  shall  be  re- 
moved from  the  site.  All  stumps  and  roots  shall 
be  removed  to  a  minimum  depth  of  two  feet  below 
the  subgrade. 

b.  All  soil  and  other  unclassified  material  shall 
be  excavated  to  provide  for  foundation,  footings, 
retaining  walls,  pipe  trenches,  etc.  Where  exces- 
sive cuts  are  made,  the  area  shall  be  filled  with 
thoroughly  compacted  soil  or  other  materials  as 
specified  in  item  c. 

c.  Where  fills  are  required  under  floors  and  road- 
ways to  bring  the  existing  grade  up  to  the  finished 
grade,  earth,  sand,  or  gravel  shall  be  uniformly 
spread  in  layers  not  more  than  six  inches  thick 
and  thoroughly  compacted  to  a  maximum  density. 

Concrete   Work 

Scope. — -The  work  described  here  comprises  the 
furnishing  of  all  concrete  work  and  related  items 
as  shown  on  the  drawings  or  specified  herein  (ex- 
cept the  prestressed  concrete  roof  slabs  specified 
herein). 

Materials. — a.  Cement  shall  conform  to  Spec- 
ification for  Portland  Cement  (ASTMC  150)  type 
I  or  type  III. 

b.  Water  shall  be  clean  and  free  from  deleteri- 
ous substances. 

c.  Aggregates  shall  conform  to  Specifications  for 
Concrete  Aggregates  (ASTM  C  33)  or  Specifica- 
tions for  Light  Weight  Aggregates  for  Structural 
Concrete  (ASTM  C  330). 


d.  Metal  reinforcement: 

1.  Reinforcing  bars  shall  conform  to  appli- 
cable section  of  the  following  ASTM 
Specifications :  Billet  steel  (ASTM  A-15) ; 
rail  steel  (ASTM  A-16) ;  or  axial  steel 
(ASTM  A-160). 

2.  Welded  steel — wire  fabric  shall  conform 
to  specifications  for  welded  steel  wire  fab- 
ric for  concrete  reinforcement  (ASTM 
A-185). 

Proportioning  and  Mixing  Concrete. — Pro- 
portioning of  cement,  water,  and  aggregate  shall 
be  done  to  produce  a  strong,  workable  mix.  All 
concrete  shall  be  proportioned  by  weighing  and 
conform  to  the  following  requirements : 

Minimum 

28-day  Maximum 

compressive  water  (gal.) 

strength,  per  sack 

Members                               psi  of  cement 

Precast  main  framing 4,  000  5.  5 

Precast  wall  panels 3,500  6.00 

All  other  concrete 3,000  6.75 

Poured-in-place  footings  and 

foundations 2,500  7.5 

Forms. — Forms  shall  conform  to  the  shape, 
lines,  and  dimensions  of  the  members  as  shown 
in  the  drawings ;  be  tight  enough  to  prevent  leak- 
age of  mortar ;  and  be  properly  braced  to  maintain 
their  shape. 

Placing  Reinforcement. — a.  Reinforcement 
must  be  placed  accurately  and  secured.  It  shall  be 
supported  by  concrete  or  metal  chains  or  spacers 
or  metal  hangers. 

b.  Splices  shall  not  be  made  in  beams  or  girders 
(except  as  shown  in  the  drawings)  or  points  of 
maximum  stress.  Splices  shall  be  made  by  prop- 
erly lapping  the  bars  or  by  welding  the  bars. 
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Placing  Concrete.— a.  Concrete  shall  be  mixed 
and  placed  in  accordance  with  requirements  of 
American  Concrete  Institute  AC  1-614  "Recom- 
mended Practice  for  Measuring,  Mixing,  and 
Placing  Concrete." 

b.  Precast  members  shall  be  provided  with  in- 
serts for  lifting  and  shall  be  properly  lifted, 
placed,  and  braced  in  place  to  prevent  damage  to 
the  member. 

Protection  and  Curing. — a.  Concrete  shall  be 
protected  adequately  from  injurious  action  by  sun, 
rain,  frost,  and  mechanical  injury. 

b.  Provisions  shall  be  made  for  maintaining  the 
concrete  in  moist  condition  for  at  least  7  days 
after  placement. 

c.  Precast  members  of  high,  early-strength  ce- 
ment shall  be  cured  and  left  in  their  forms  for  at 
least  2  days. 

Alternates.— a.  An  approved  design  of  cast-in- 
place  or  combination  cast-in-place  and  precast 
members  may  be  substituted  for  the  all-precast 
framing  shown  in  drawings. 

b.  Approved  designs  in  prestressed  concrete 
may  be  substituted  for  the  conventional  reinforc- 
ing shown  in  the  drawings. 

Prestressed   Concrete   Roof  Slabs 

Scope. — The  work  described  in  this  section  con- 
sists of  furnishing  all  labor  and  material  required 
to  fabricate  and  install  all  prestressed  concrete 
roof  slabs  as  shown  in  the  drawings  or  specified 
herein. 

Materials. — a.  Cement  shall  conform  to  Spec- 
ifications for  Portland  Cement  (ASTM  C  150) 
type  I  or  type  III. 

b.  Aggregates  shall  conform  to  Specifications 
for  Concrete  Aggregates  (ASTM  C  33)  or  Spe- 
cifications for  Light  Weight  Aggregate  for  Struc- 
tural Concrete  (ASTM  C  330). 

c.  Water  shall  be  clean  and  free  from  deleteri- 
ous substances. 

d.  _  Prestressing  strands  shall  conform  to  Speci- 
fications for  Uncoated  Seven-Wire  Stress-Re- 
lieved Strand  for  Prestressed  Concrete  (ASTM 
A  416). 

e.  STonprestressed  reinforcing  shall  conform  to 
applicable  sections  of  the  following  ASTM  Speci- 
fications: Billet  Steel  (ASTM  A-15) ;  Rail  Steel 
(ASTM  A-16);  or  Axle  Steel  (ASTM  A-160). 

f.  Weld  wire  fabric  for  concrete  reinforcement 
shall  conform  to  Specifications  for  Welded  Steel 
Wire  Fabric  for  Concrete  Reinforcement  (ASTM 
A-185). 

Manufacture.— a.  The  roof  slabs  shall  be  cast 
into  either  a  channel,  double  tee,  or  other  ap- 
proved shape.  The  slabs  may  be  from  4  feet  to  6 
feet  wide  and  from  10  to  14  inches  deep.  The 
thickness  of  the  roof  deck  shall  be  2  inches.  The 
contractor  should  submit  detailed  shop  drawings 
of  the  roof  slab  to  the  owner's  representative  for 
approval.  The  exact  size  of  roof  slabs  shall  be  as 
shown  on  the  approved  shop  drawings  with  di- 
mensional tolerances  not  to  exceed  14  inch. 
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b.  The  roof  slab  units  shall  be  cast  using  light- 
weight concrete  with  a  unit  weight  not  greater 
than  112  pounds  per  cubic  foot. 

c.  The  roof  slab  units  shall  be  cast  in  steel  or 
wood  forms  sufficiently  strong  to  resist  bulging  and 
shall  be  vibrated  to  prevent  honeycombing. 

d.  Prestressing  shall  be  done  in  accordance  with 
Tentative  Recommendations  for  Prestressed  Con- 
crete by  the  ACI-ASCE  Joint  Committee  323. 
The  prestress  shall  not  be  released  until  a  minimum 
concrete  cylinder  strength  of  3,500  psi  has  been 
reached. 

Strength. — a.  The  concrete  shall  have  a  28-day 
strength  of  5,000  psi. 

b.  The  concrete  roof  slabs  shall  be  designed  to 
carry  a  live  load  of  20  pounds  per  square  foot,  plus 
a  minimum  dead  load  of  5  pounds  per  square  foot 
for  the  roofing,  plus  the  dead  load  of  the  roof  slabs 
themselves,  and  stresses  shall  not  exceed  the  allow- 
able stresses  given  in  the  Tentative  Recommenda- 
tions for  Prestressed  Concrete  by  ACI-ASCE 
Joint  Committee  323. 

Erection. — a.  Roof  slabs  shall  be  carefully 
tranported  and  erected  in  place  so  as  to  prevent 
damage  to  the  slabs. 

b.  Shear  connectors  imbedded  in  the  roof  slabs 
not  more  than  10  feet  on  centers  shall  be  welded 
together.    The  joints  shall  then  be  filled  with  grout. 

c.  The  slabs  shall  be  connected  to  the  structural 
framing  as  shown  in  the  drawing  or  by  some  other 
approved  method. 

Roofing   and  Sheet  Metal 

Scope. — The  work  described  in  this  section  shall 
consist  of  all  labor  and  materials  necessary  to  com- 
plete all  roofing  and  sheet  metal  work  shown  on  the 
drawing  or  specified  herein. 

Materials.— a.  Coal-tar  pitch  shall  be  Type  A 
conforming  to  ASTM  Specification  D-450. 

b.  Felts  for  roofing  and  flashing  shall  be  coal- 
tar-saturated  type  1,  15-pound  felt  conforming  to 
Federal  Specifications  HH  F-201. 

c.  Surfacing  materials  shall  be  slag  or  other 
approved  lightweight  aggregate  ranging  in  size 
from  1,4  to  %  inch. 

d.  Sheet  metal  shall  be  3003  aluminum  alloy 
conforming  to  Federal  Specification  QQ  A-359. 

e.  Roof  drains  shall  be  of  standard  commercial 
type  with  cast-iron  strainers  and  flashing  rings. 

Roofing  Applications.— a.  The  roofing  appli- 
cations shall  be  continuous  and  shall  consist  of 
four  layers  of  felt  and  five  moppings  of  pitch,  sur- 
faced with  not  less  than  300  pounds  of  slag  per  100 
square  feet. 

b.  The  roofing  shall  be  applied  in  strict  accord 
with  manufacturer's  specifications  and  shall  carry 
a  20-year,  bonded  guarantee. 

c.  Flashing  shall  be  provided  in  all  angles 
formed  where  roof  decks  abut  walls,  skylights, 
pipes,  and  other  vertical  surfaces.  Base  flashing 
shall  not  be  metallic  unless  otherwise  specified  on 
the  plan  or  herein.    Four  layers  of  felt  flashing 


shall  be  cemented  to  each  other  and  to  underlying 
surfaces,  and  exposed  surfaces  shall  be  coated  with 
plastic  cement. 

Sheet  Metal. — a.  All  sheet  metal  for  counter 
flashings,  gravel  stops,  fascias,  and  other  miscel- 
laneous sheet  metal  work  shall  be  .032-inch-thick 
mill-finished  aluminum  shaped  and  fitted  as 
indicated. 

b.  Aluminum  surfaces  coming  in  contact  with 
dissimilar  metals  shall  be  coated  with  aluminum 
pigmented  asphalt  paint. 

Alternates. — An  approved  built-up  asphalt 
roofing  suitable  for  dead-level  decks  may  be  sub- 
stituted for  the  coal-tar  roof  specified  herein. 

Rolling  Steel  Doors 

Scope. — The  work  described  in  this  section  shall 
,  include  furnishing  and  erecting  ail  overhead  steel 
i  rolling  doors  as  indicated  on  the  drawings. 

Materials. — a.  Curtains  shall  be  interlocking 
;  roll-formed  20-gage  galvanized  steel. 

b.  Guides  shall  be  %6-inch  structural  steel. 

c.  Roller  shafts  shall  be  iron  pipe  of  sufficient 
diameter  and  thickness  to  carry  the  door  with  a 
deflection  not  exceeding  .03  inch  per  foot  of  span. 

d.  Brackets  shall  be  heavy  cast  iron. 

e.  Hoods  shall  be  24-gage  galvanized  steel. 

f .  Gears  shall  be  high-grade  gray  iron  cast  from 
machine  patterns. 

g.  Firedoors  shall  be  equipped  with  thermally 
controlled  automatic  closing  devices,  and  shall 
carry  an  Underwriters'  label  for  Class  "A"  doors. 

Operation. — a.  The  doors  shall  be  operated 
mechanically  by  means  of  chain  and  gear  or  by 
crank  and  gear.  Gear  reduction  shall  be  calculated 
to  reduce  pull  on  chain  or  crank  to  less  than  35 
pounds. 

b.  Doors  for  exterior  walls  shall  be  mounted  on 
the  interior  face  of  the  wall,  and  gear  operators 
furnished  for  operation  of  the  doors  from  both 
sides  of  the  wall. 

Skylights 

Scope. — The  work  specified  in  this  section  shall 
include  all  labor  and  materials  necessary  to 
complete  and  install  the  skylights  shown  in  the 
drawings. 

Materials. — a.  Translucent  panels  shall  be 
molded  of  polyester  resin  plastic,  reinforced  with 
not  less  than  2  ounces  of  glass  fiber  per  square  foot. 
The  panels  shall  have  2^4-inch  standard  corruga- 
tions and  have  a  minimum  light  transmission  of 
80  percent.  The  dimensions  and  quality  of  the 
Ipanels  shall  conform  to  U.S.  Department  of  Com- 
merce Standards  CS  214-57  for  Type  II— Fire 
Retardant — panel . 

b.  Closure  strips  shall  be  premolded  rubber 
composition. 

c.  Wood  framing  shall  be  pressure  treated  in  ac- 
cordance with  Federal  Specifications  TT-W-571. 

Installation. — The  skylights  shall  be  securely 
installed  in  place  to  resist  a  wind  uplift  of  not  less 
than  25  pounds  per  square  foot. 


Painting 

Scope. — The  work  specified  in  this  section  com- 
prises furnishing  and  performing  all  painting  as 
shown  on  the  drawings  or  specified  herein. 

General  Requirements. — a.  Any  ungalvanized 
steel  exposed  to  the  exterior  of  the  building  shall 
have  one  shop  coat  of  zinc  chromate  oxide  alkyd 
in  accordance  with  Federal  Specifications  II P-636 
plus  two  field  coats  of  the  best  grade  exterior 
paint. 

b.  All  bumper  guards,  door  jambs,  etc.,  which 
are  highly  subject  to  clamp  truck  damage  shall  be 
painted  with  conspicuous  patterns  such  as  yellow 
and  black  stripes. 

Sprinkler  System   and   Fire   Protection 

Scope. — The  work  specified  in  this  section  in- 
cludes furnishing  all  labor  and  materials  neces- 
sary to  equip  the  warehouse  with  automatic 
sprinkler  systems  and  standpipes  with  hose 
connections. 

Materials. — a.  Sprinkler  heads  shall  be  ap- 
proved spray  type  in  accordance  with  NBFU's 
Pamphlet  No.  13,  Section  14. 

b.  Piping  shall  be  designed  to  withstand  work- 
ing pressures  of  not  less  than  175  pounds  in  ac- 
cordance with  American  Standard  B  3610-1950 
Wrought  Steel  and  Wrought  Iron  Pipe. 

c.  Each  inside  hose  connection  shall  consist  of 
50  feet  of  li/^-inch  U.L.  lightweight  CRL  hose, 
21/£-inch  globe  valve,  brass  hose  nipples,  and  semi- 
automatic hose  rack. 

d.  The  system  shall  include  all  necessary  dry 
pipe  valves,  gate  valves,  air  pressure  source,  and 
alarms  (where  allowable,  a  wet  system  should  be 
used).  All  material  and  equipment  shall  be  in 
accordance  with  the  current  standards  of  the 
National  Board  of  Fire  Underwriters. 

General  Requirements. — The  sprinkler  system 
and  hose  connections  shall  be  installed  in  accord- 
ance with  the  National  Board  of  Fire  Underwrit- 
ers Standards  (pamphlets  Nos.  13  and  14)  and 
regulations  of  local  fire  prevention  agencies  having 
jurisdiction  in  the  area. 

Water  Supply  and   Outside   Fire  Protection 

Scope. — The  work  specified  in  this  section  in- 
cludes furnishing  and  installing  a  complete  water 
distribution  system,  with  fire  hydrants  for  outside 
fire  protection. 

Materials. — a.  Pipe  and  fittings  shall  be  cast 
iron,  class  150,  and  shall  conform  to  the  latest 
revisions  of  Federal  Specifications  WW-P-421. 

b.  Fire  hydrants  shall  be  cast-iron  body,  bronze 
mounted,  suitable  for  150  pounds'  working  pres- 
sure in  accordance  with  the  latest  AWWA  Specifi- 
cations. Each  hydrant  shall  have  two  2y2-inch 
hose  outlets,  a  6-inch  bell  connection,  and  a  5y2- 
inch  valve  opening ;  each  hydrant  shall  be  equipped 
with  standard  hose  house,  100  feet  of  21/£-inch 
single  jacket,   CRL   fire  hose,   li/8-inch   smooth 
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nozzle,  hydrant  wrench,  two  hose  spanners,  and 
extra  hose  washers. 

c.  Gate  valves,  check  valves,  and  indicator  posts 
shall  be  underwriter  approved,  cast  iron,  and 
bronze  mounted. 

d.  The  gravity  tank  shall  be  welded  steel  and 
conform  to  National  Board  of  Fire  Underwriters 
Standards  (pamphlet  No.  22) . 

e.  All  other  items  shall  conform  to  applicable 
underwriter  standards  or  AWWA  Standards. 

General  Requirements.— a.  All  piping,  valves, 
and  hydrants  shall  be  carefully  laid  and  joints 
carefully  made  in  accordance  with  the  latest 
AWWA  Standards.  All  pipe  trenches  shall  be 
backfilled  in  an  approved  manner. 

b.  The  system  shall  be  tested  for  leaks  under 
normal  working  pressure.  Leaking  joints  shall 
be  recaulked  and  made  tight. 

Drainage  and   Sewers 

Scope. — The  work  specified  in  this  section  com- 
prises furnishing  and  installing  all  drainage  and 
sewer  lines  as  shown  in  the  drawings  or  specified 
herein. 

Materials. — a.  Vitrified  clay  pipe  and  fittings 
shall  be  extra  strength  and  conform  to  ASTM 
Specifications  C-13. 

b.  Concrete  pipe  shall  conform  to  ASTM  Spe- 
cifications C-li. 

General. — a.  All  pipe  shall  be  laid  true  to  line 
and  grade,  with  bells  upgrade. 

b.  The  bottom  of  the  pipe  trench  shall  be  shaped 
to  fit  the  pipe.  Backfill  shall  be  carefully  tamped 
in  thin  layers.  Concrete  pipe  shall  be  laid  in  a 
concrete  cradle. 

c.  Joints  shall  be  hot-poured  bituminous  com- 
pounds, precast  bituminous  compound,  or  cement 
mortar. 

Paving 

Scope. — The  work  specified  in  this  section  con- 
sists of  furnishing  all  labor  and  materials  neces- 
sary to  pave  all  floors,  roadways,  and  other  areas 
with  a  hot-mix,  hot-laid,  bituminous  pavement  as 
shown  in  the  drawings  or  specified  herein. 

Materials. — a.  Base  course  materials  shall  be 
composed  of  either  crushed  stone,  crushed  slag, 
gravel,  sand,  or  a  combination  of  these  materials. 
Coarse  aggregate  shall  have  a  percentage  of  wear 
of  not  more  than  60  when  subjected  to  the  Los 
Angeles  Abrasion  Test,  The  base  course  shall 
have  an  approved  gradation  in  accordance  with 
the  types  of  aggregates  available. 

b.  Bituminous  cement  shall  be  uniform  in  char- 
acter, free  from  water,  and  with  60  to  70  penetra- 
tion. The  exact  grade  shall  be  designated  after 
design  tests  have  been  made  using  the  mineral 
aggregates  which  will  be  used  for  the  project. 

c  For  the  bituminous  surfaces,  the  coarse  ag- 
gregate, all  material  retained  on  a  No.  10  mesh 
sieve,  shall  consist  of  clean,  hard,  durable  stone 
or  gravel.    The  aggregate  shall  have  a  percent  of 
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wear  of  not  more  than  50  when  subjected  to  the 
Los  Angeles  Abrasion  Test. 

d.  The  fine  aggregate,  all  material  passing 
through  the  No.  10  sieve  and  retained  on  the  No. 
200  sieve,  shall  consist  of  sand  or  stone  screenings 
free  from  clay,  loam,  and  other  foreign  matter. 

e.  The  mineral  filler,  all  material  passing 
through  the  No.  200  sieve,  shall  consist  of  thor- 
oughly dry  stone  dust,  slate  dust,  or  Portland 
cement  which  is  free  from  foreign  and  other 
injurious  matter. 

Paving  Mixtures. — a.  The  paving  mixtures 
shall  consist  of  a  uniform  mixture  of  the  aggre- 
gates, mineral  filler,  and  bituminous  material. 
The  mixtures  shall  be  well  graded  and  propor- 
tioned to  produce  a  highly  stable,  dense,  nonscal- 
ing  surface.  The  wearing  surface  shall  be  mix 
No.  IV-a,  in  accordance  with  Specification  Series 
No.  1  of  the  Asphalt  Institute,  with  the  following 
grading  of  the  aggregates: 

Total  passing  by  weight 
Sieve  size  Percent 

y2  inch 100 

%  inch 80-100 

No.  4 55-  75 

No.  8 35-  50 

No.  30 18-  29 

No.  50 13-  23 

No.  100 8-  16 

No.  200 4-  10 

Asphalt  cement  shall  be  added  to  the  above  at 
the  rate  of  3.5  to  8.5  pounds  per  100  pounds  of 
aggregate. 

b.  Where  two-course  pavement  is  shown  in  the 
drawings,  the  binder  course  shall  be  mix  IV  c,  in 
accordance  with  Specifications  Series  No.  1  of  the 
Asphalt  Institute,  with  the  following  grading  of 
the  aggregate: 

Total  passing  by  weight 

Sieve  size                                                      Percent 
1  inch 100 


%  inch 60-  80 

No.  4 48-  65 

No.  8 35-  50 

No.  30 19-  30 

No.  50 13-  23 

No.  100 7-  15 

No.  200 0-     8 

The  asphalt  cement  content  for  the  binder  course 
shall  be  within  the  same  limits  specified  for  the 
surface  course. 

Construction  Methods. — a.  The  base  course 
shall  be  spread  and  rolled  in  accordance  with  ap- 
plicable sections  of  the  U.S.  Public  Roads  Stand- 
ard Specifications,  FD-57. 

b.  The  paving  mixture  shall  be  mixed,  trans- 
ported, and  placed  in  an  approved  manner  in  ac- 
cordance with  Specification  Series  No.  1  of  the 
Asphalt  Institute.  The  mixture  shall  be  thor- 
oughly and  uniformly  compressed  with  a  power- 
driven  roller  weighing  not  less  than  10  tons.  The 
finished  surface  shall  be  smooth  and  true  to  the 
established  crown  and  grade,  and  shall  at  no  point 


vary    more    than    *4    mcn    from    the    specified 
thickness. 

Alternates. — Other  approved  paving  mixtures 
which  will  produce  a  highly  stable,  dense,  non- 
scaling  surface  may  be  substituted  for  the  mixtures 
indicated  above. 

Fencing 

Scope. — The  work  specified  in  this  section  in- 
cludes providing  a  woven  wire  fence  with  gates 
around  the  perimeter  of  the  warehouse  site  as 
shown  in  the  drawings. 

Materials. — a.  Fabric  shall  be  9-gage  wire 
woven  into  a  2-inch  mesh  with  top  and  bottom 
barbed  selvage.  The  wire  shall  be  hot-dipped 
I  galvanized. 

b.  Line  posts  shall  be  H-sections  with  minimum 
dimensions  of  1%  inch  by  1%  inch  (minimum 
weight  of  2.75  pounds  per  foot).  Terminal  posts 
shall  be  square,  2-inch  tubing  (minimum  weight 
of  3.85  pounds  per  foot). 

c.  Gates  shall  be  constructed  of  welded,  2-inch 
O.D.  pipe  or  equivalent. 

d.  Barbed  wire  shall  be  galvanized,  zinc  coated, 
2  strands  of  No.  12y2  gage  wire  with  four-point 
barbs  spaced  5  inches  apart. 

General  Requirements. — All  corner  posts  and 
gage  posts  shall  be  securely  anchored  in  place  in 
concrete  foundations.  Line  posts  may  be  secured 
in  the  ground  by  steel  angle-shaped  drive  anchors. 
Line  posts  shall  be  spaced  7  feet  or  less  on  centers. 

Rail   Siding 

The  rail  siding  shall  be  installed  in  accordance 
with  applicable  specifications  of  the  AERA  Man- 
ual, latest  edition,  or  specifications  of  the  using 
railroad. 

Electrical   Work 

Scope. — The  work  specified  in  this  section  com- 
prises the  furnishing  and  installing  of  a  complete 
electric  light  and  power  system,  starting  at  the 
termination  of  the  service  company's  lines  at  the 
transformer  as  indicated  on  the  drawings  or  as 
specified  herein. 

Materials. — All  materials  shall  bear  the  label  of 
the  Underwriters  Laboratories,  whenever  stand- 
ards have  been  established,  and  shall  conform  to 
the  requirements  of  the  following  respective  Fed- 
eral specifications : 

Specification 
number 

Conduit WW-C-581 

Cable  and  wire V-C-103 

Conduit  outlets W-C-586 

Connections,  wire W-C-601 

Fittings,  cable,  and  conduit W-F-406 

Fixtures,    lighting W-F-412  &  414 

Outlet    boxes W-O-821 

Panel  boards W-P-131 

Receptacles W-R-151 

Switches W-S-896 

Tapes,  rubber,  and  friction HH-T-101 


General  Requirements. — For  conduits:  a.  All 
conductors  from  main  power  panels  to  lighting 
panels  shall  be  in  metal  conduit  and  placed  under- 
ground. From  lighting  panels  to  fixtures  and 
switches,  wiring  shall  run  in  exposed  metal 
conduit. 

b.  Conduits  shall  be  of  an  approved  type  and 
manufactured  in  accord  with  the  National  Elec- 
trical Code,  Underwriters  Laboratories,  or  local 
ordinances. 

c.  Size  of  raceways  shall  be  as  indicated  on 
drawings  or  in  accordance  with  the  National 
Electrical  Code  Standards. 

For  switches :  a.  There  shall  be  two  switch  pan- 
els in  each  compartment  controlling  all  fixtures. 
Each  switch  panel  shall  consist  of  six  switches 
(eight  switches  per  panel  in  compress  compart- 
ment). 

b.  Switches  shall  be  three-way,  toggle  type,  "T" 
rated. 

c.  Exterior  switches  and  outlets  shall  be  of 
waterproof  type. 

For  wires  and  cables :  a.  All  wiring  shall  be  of 
the  size  indicated  in  the  drawings. 

b.  All  wiring  shall  be  of  type  RW  or  RH  as 
indicated  in  the  drawings. 

c.  Wires  and  cables  shall  be  manufactured  in 
accord  with  the  National  Electrical  Code. 

d.  Wires  shall  be  color  coded  with  distinctive 
colors  for  easy  identification. 

For  outlet  boxes :  a.  Outlet  boxes  shall  be  made 
of  galvanized  steel. 

b.  Outlet  boxes  shall  be  of  standard  type  and 
shall  be  provided  with  knockout. 

c.  Junction  boxes  shall  be  of  the  same  material 
as  the  outlet  boxes. 

d.  Junction  boxes  on  exterior  walls  shall  be  of 
waterproof  type,  deep  set. 

e.  All  boxes  supporting  fixtures  shall  be  pro- 
vided with  proper  means  for  their  attachment. 

f .  All  fittings  and  accessories  for  boxes  shall  be 
made  by  an  approved  manufacturer. 

For  fixtures :  a.  All  fixtures  shall  be  industrial 
type  with  Standard  Dome  RLM  reflectors. 

b.  All  fixtures  shall  be  supplied  with  200-watt 
bulbs. 

c.  All  outside  fixtures  shall  be  of  waterproof 
type. 

For  panel  boards :  a.  All  panel  boards  shall  be 
of  size  and  type  as  indicated  on  drawings. 

b.  All  panel  boards  shall  be  of  an  approved  type 
and  manufactured  in  accordance  with  the  National 
Electrical  Code  and  Underwriters  Laboratories 
standards. 

For  workmanship :  All  work  shall  be  executed 
in  a  workmanlike  manner  and  shall  present  a  neat 
and  mechanical  appearance  upon  completion. 
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